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)-0<-#&( P&3-( "5&-#0-'( $-( I+m"#( !,+%3-( -&( 3+)%$-( +<-!( $-'( !"t&'( 3-,+&%<-*-#&( )-0(
9,-<9'.( ȱ ¸ȱ Ȃȱ ȱ ȱ ·ȱ Ȃȱ ¢¸ȱ ȱ ȱ ȱ
Ȃ·ȱ ȱ ȱ 9!03%&9( )"03( 0#( "56-!&%I( )39!%'(j( ,-'( ,%*%&-'( $0( '7'&Q*-( '"#&(
&"0&-I"%'(<","#&+%3-*-#&(39$0%&-'(ȱȂȱ ȱȱȂ·( ,+('9!03%&9.(?-&&-(
9<+,0+&%"#( )+''-( )+3( Ȃ¢( ȱ ȱ ȱ ¢¸ȱ ȱ Ȃǰȱ
Ȃ·ȱȱȱâȱȱȱ¥ȱȂ·ȱȱȱ(j(-,,-(%*)"'-($-(&3+!-3(
,-()93%*Q&3-($-(4-'&%"#($-'(3%'A0-'.(D"03(,%*%&-3()0%'(+#+,7'-3(0#('7'&Q*-(:(3%'A0-';(
),0'%-03'(&7)-'($-(*"$9,%'+&%"#()-0<-#&(+%#'%(¹ȱȱȱêȱǽȱ¢ǰȱŘŖŖŜǾ(f(
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Ŷ ,+(*"$9,%'+&%"#(49"43+)1%A0-(j(
Ŷ ,+(*"$9,%'+&%"#()+3(*9&%-3(j(
Ŷ ,+(*"$9,%'+&%"#('&30!&03-,,-(j(
Ŷ ,+(*"$9,%'+&%"#()3"$0%&(j(
Ŷ ,+(*"$9,%'+&%"#()+3('7'&Q*-'(-&()3"!-''0'.(
L-0,'( $-02( $-( !-'( &7)-'( $-( *"$9,%'+&%"#( '"#&( Ȃȱ ȱ
I39A0-#&-(h>-'!1+#-,';(]``^i(f(
Ŷ K+(*"$9,%'+&%"#(49"43+)1%A0-;(·ȱȂȱȱ··ȱǻ¦ǰȱ
503-+02;( -&!.C;( -'&( )3%#!%)+,-*-#&( 0&%,%'9-( $+#'( ,-( $"*+%#-( $-( ,+( 4-'&%"#( $-'(
3%'A0-'()3"I-''%"##-,'(-&(-#('+#&9(-&('9!03%&9(+0(&3+<+%,.(L+()3%#!%)+,-(,%*%&-(&%-#&(:(
'"#(*+#A0-($-()-3&%#-#!-()"03( 3-)39'-#&-3( ,-( I"#!&%"##-*-#&(-&( ,-'($%II93-#&-'(
ȱȱȱȂȱǯ(
Ŷ K+( *"$9,%'+&%"#( '7'&9*%A0-( $-'( '7'&Q*-'( -&u"0( $-'( )3"!-''0'( -'&( ,-( &7)-( $-(
*"$9,%'+&%"#( ,-(),0'(+$9A0+&(ȱ ȱȱȱȱȂȂȱ ǽȱ¢ǰȱ
]``bi.(S#(-II-&;(0#-(+))3"!1-(+#+,7&%A0-(*"#&3-(:(Ȃȱ('-'(,%*%&-'(I+!-(
:( ,+( !"*),-2%&9( $-'( %#&-3+!&%"#'( )"0<+#&( P&3-( ¥ȱ Ȃê( $+#'( $-'( '7'&Q*-'( $-(
&+%,,-('"0<-#&(&3Q'(%*)"3&+#&-(-&($-('&+5%,%&9(#"#(!"#&%#0-.(
D,0'( ')9!%I%A0-*-#&;( ,-'( *"$Q,-'( "#&( &"06"03'( 9&9( 0#-( )+3&( -''-#&%-,,-( $-(
Ȃ¡·ȱ ;( #"&+**-#&( -#(*9&1"$","4%-( '7'&Q*-.( [<+#&( &"0&-( )3%'-( $-(
$9!%'%"#;( 0#( +!&-03( 0&%,%'-( 49#93+,-*-#&( $-'( *"$Q,-'( +I%#( $-( $9&-3*%#-3( -&( $-(
!"*)3-#$3-(,-'(39'0,&+&'()"''%5,-'.(
?"**-( <0( )39!9$-**-#&;( ,ȱ ¸ȱ Ȃȱ ¸ȱ ¡ȱ ¡ȱ
"56-!&%I'(f( %,'( 'ȱ ȱ Ȃȱ $-'&%#9'( :( !"*)3-#$3-( ,-'( +!!%$-#&'( )+''9';( )"03(
-#'0%&-( ,-'( )39<-#%3.( ȱ ¸ȱ Ȃȱ ȱ ··ȱ !"#m0'( +<-!( $-'( '0!!Q'(
<+3%9'.( Eȱ ȱ ¸ȱ Ȃ( )+3&+4-#&( ,-( *P*-( )"'&0,+&( %#%&%+,(f( &"0'( ,-'(
+!!%$-#&'()39'-#&-#&($-'(!+3+!&93%'&%A0-'(!"**0#-';(A0%(#-('-(!+#&"##-#&()+'(:($-'(
9<Q#-*-#&'(G(+,9+&"%3-'(H.(?-'(')9!%I%!%&9'()-0<-#&(P&3-(0&%,%'9-'()+3(,-'(*"$Q,-'(+I%#(
$-(#-(!"#'%$93-3(A0-(!-3&+%#'(9<Q#-*-#&'("0( !-3&+%#-'(ǯȱȂǰȱ ȱ
¸ȱȂ('"#&()3%#!%)+,-*-#&(%''0'($0($"*+%#-($-(,+('9!03%&9(%#$0'&3%-,,-;(
ȱȱȂ(!"**-(,-(39'0,&+&($-(*0,&%),-'(9<Q#-*-#&'(I"3*+#&(0#-(!1+T#-(+0(
ȱȱǯȱȂȱ'03(!-&&-(17)"&1Q'-(,+(),0'(!"**0#-(A0-(3-)"'-#&(,-'(*"$Q,-'(
Ȃ(G(&3+$%&%"##-,'(H(-&(:()+3&%3($-(,+A0-,,-(,-'(+!!%$-#&'()-0<-#&(P&3-(-2),%A09'(
ȱ ȱ ·ȱ Ȃ·¸ȱ ȱ ·ȱ ȱ ȱ ȱ ȱ
hK-<-'"#;( ]``bi.( W#-( '-!"#$-( 17)"&1Q'-( '"0'R&-#$( !-'( *"$Q,-';( '-,"#( ,+A0-,,-( ,+(
ȱ ȱȱ·ȱȱ ȱ ÉȱȂ·¸( -'&(0#%A0-( -&(AȂ¥ȱ
!1+A0-(9<Q#-*-#&(!"33-')"#$(0#-(-&(0#-('-0,-(!+0'-.(
ȱ¸ȱȂȱȱȱȱȱȱȱȱ·ȱȱ
ȱȱȱȱȱȂ·ȱȱȱ·ȱȱȱȱ
$-(,+('9!03%&9.(J9+#*"%#';(0#(!+$3-(!"**0#(%*)"'-(0#-(<%'%"#(0#%A0-(ȱȂ+!!%$-#&(
-&(,%*%&-($"#!(&"0&-(-2),%!+&%"#(+,&-3#+&%<-.(
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Ȃȱȱȱȱǰȱȱ¸ȱȂȱȱȱȂȱȱ¡ȱ
$95+&'()+3*%(,-'(%#49#%-03';(,-'()'7!1","40-';(,-'('"!%","40-'(hD-33"l;(\dea(j(r-337;(
\dee(j( K-<-'"#;( \ddc(j( X+041#;( \ddb(j( @-+'"#;( \dd_(j( @+'*0''-#( -&( L<-$0#4;( ]```(j(
K-<-'"#;(]``\(j(Lp-,&;(]``](j(V+7103'&(-&(V",,"l+7;(]``^(j( /"1#'"#;(]``^(j(V",,#+4-,(
-&(Y""$';(]``ci.(
[0(!"03'($-(!-'(!%#A0+#&-($-3#%Q3-'(+##9-';( &3"%'(43+#$-'(!+&94"3%-'($-(*"$Q,-'(
Ȃȱȱȱ·ǯȱȱ¸ȱ·ȱ¡ȱ·ȱȱȱ··ȱȱ
¥ȱ Ȃ·ȱ ȱ ¡ȱ ¸ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱȱ Ȃ¢ȱȱ¢¸ȱǯȱȱ¡ȱȱ¢ȱȱ
*"$Q,-'( ȱ ȱ ȱ ȱ ȱ ¢ȱ ȱ ·ȱ ȱ Ȃ¢ȱ
$-'( '7'&Q*-'( -&( )-3*-&&-#&( ,+( ·ȱ Ȃȱ ¢¸ȱ ȱ ȱ ¡ȱ
ȱȂȱȦȱȂȱȱ·ȱȂ·ȱȱȱ··ǯȱȱ
&3"%'%Q*-( &7)-( '-( I"#$-( '03( ,ȱ ·ȱ ȱ ¢¸ȱ ȱ Ȃȱ ȱ ȱ
ȱȱ ȱ ȱȱ ȱ ¡ȱ ȱ·¸ȱȂ·ȱȱ ȱ
$-'('7'&Q*-'($"#&(,+('9!03%&9(I+%&()+3&%-.(
Ȃȱ ȱ ȱ ȱ ȱ ȱ ȱ ·ȱ ȱ ¡ȱ ȱ ¢ȱ $-(
*"$Q,-( Ȃ(f( ,-( *"$Q,-( '9A0-#&%-,( -&( ,-( *"$Q,-( "34+#%'+&%"##-,;( A0%(
ȱȂȱ·ȱȱȂǯȱȱ¸ȱ¢ȱȱȂȱȱ(
'0%<+#&.(
3. /¶approche lLQpDLUHGHO¶accident 
ȱ ȱ ·ȱ ȱ Ȃȱ ¸ȱ ȱ 3"!1-'( $%&-'( G(+#+,7&%A0-'(H( $-(
Ȃǰ( A0%( !1-3!1-( :( 3+*-#-3( 0#( '7'&Q*-( :( '-'( 9,9*-#&'( !"#'&%&0&%I'( ,-'( ),0'(
'%*),-'(h>-(@"'#+7;(\d_ci(-&($"#!(:(9&0$%-3(-#($9&+%,( ,-'(+!!%$-#&'(-&(:(!"*)3-#$3-(
ȱ ¢ȱ Ȃȱ -2%'&+#&( -#&3-( -02.( K-'( !+3+!&93%'&%Aȱ Ȃȱ ȱ
+#+,7&%A0-('"#&(39'0*9-'($+#'(,-(&+5,-+0(\.(
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/¶$3352&+($1$/<7,48( 
 
Ŷ Isole : se concentre sur les éléments 
Ŷ Considère la nature des interactions 
Ŷ 6¶DSSXLHVXUODSUpFLVLRQGHVGpWDLOV 
Ŷ Modifie une variable à la fois 
Ŷ Est indépendante de la durée : les phénomènes 
considérés sont réversibles 
Ŷ La validation des faits se réalise par la preuve 
H[SpULPHQWDOHGDQVOHFDGUHG¶XQHWKpRULH 
Ŷ Modèle précis et détaillé, mais difficilement utilisable 
GDQVO¶DFWLRQ 
Ŷ Approche efficace lorsque les interactions sont linéaires 
et faibles 
Ŷ Conduit à un enseignement par discipline 
Ŷ Conduit à une action programmée dans son détail 
Ŷ Connaissance des détails, buts mal définis 
Tableau Ŷ &DUDFWpULVWLTXHVGHO¶DSSURFKHDQDO\WLTXH 
adapté de De Rosnay, 1975 
D+3*%( ȱ¸ȱȂȱ ·ȱ ȱ Ȃȱ¢ǰȱ !%&"#'( ,-(*"$Q,-(
Ȃȱ·ȱ ··ȱȱ ȱȱ¸ȱȂȱ·ȱ¥ȱȱ
ȱ¡ȱȂ
ȱȱȱ¸ȱȂȱȱȱȱ.(
3.1. /HPRGqOHG¶DFFLGHQW séquentiel 
ȱ¸ȱȂȱȱȱ¸ȱȱȱȱȱȱȱȱ·ȱ
Ȃȱ ·ȱ Ȃ·¸ȱ ȱ ȱ ȱ ȱ ··ǯȱ[''"!%9( :( !-&&-(
+))3"!1-;( %,( '-( 39<Q,-( &3Q'(-II%!+!-()"03(-2),%A0-3( ȂÉȱȱ ȱȱ ,-'(
$-3#%Q3-'(*%#0&-'()39!9$+#&( ȱȱȂ0#(+!!%$-#&.(?-(*"$Q,-()3-#$(5%-#(-#(
!"#'%$93+&%"#( ȱ ȱ ȱ ȱ ¥ȱ ǰȱ ȱ Ȃȱ ȱ ȱ $0(
G(¸ȱȂȱȱÉȱȂ·¸(H.(
[%#'%;(0#(*"$Q,-( I"#$·ȱ ȱȱÉȱȂ·¸ȱ·ȱ Ȃ+!!%$-#&( !"**-( ,-(
$-3#%-3( 9<Q#-*-#&(Ȃ( !1+T#-( %#!,0+#&(),0'%-03'( 9<Q#-*-#&'("0( I+!&-03'( !+0'+,'(
%#&-3!"##-!&9'( :( &3+<-3'( 0#-( 3-,+&%"#( ·ǯȱ Ȃ17)"&1Q'-( '"0'R6+!-#&-( :( !-(
*"$Q,-(-'&(A0-(7&*)!7).C$',)!*'!+%%,1$'(! ,2! -*EE,(!1$!"!%+--$)!#!%$(($! %0+F'$.(?-&(+2%"*-(
%*),%A0-( A0-( ,-'( 9<Q#-*-#&'( '"%-#&( $%3-!&-*-#&( ,%9'( -#&3-( -02( -&( A0-( ,+( '03<-#0-(
Ȃ( 9<Q#-*-#&( -'&( #9!-''+%3-( )"03( A0-( ,-( '0%<+#&( )0%''-( '-( )3"$0%3-(j( ,-'(
9<Q#-*-#&'( "#&( $"#!( 0#-( 3-,+&%"#( ,%#9+%3-( -#&3-( -02.( ?-( *"$Q,-( #-( )-0&( )+3(
!"#'9A0-#&($9!3%3-(A0-($-'(!+0'+,%&9'(,%#9+%3-'(-&(#-()-3*-&(ȱȂ¢ȱȱȱ
#"#(,%#9+%3-'.(
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ȱ·ǰȱ·ȱȂ(-#(0&%,%ȱȱÉȱȂ·¸'(%*),%A0-(
$-(!+''-3(!-&&-(!1+T#-(-#(9,%*%#+#&(,-'(9<Q#-*-#&'("0(-#(%#&-3<-#+#&(:(0#(*+%,,"#($-(
,+(!1+T#-.(D,0'%-03'(!1+T#-'()-0<-#&(P&3-(94+,-*-#&(!"##-!&9-'(j(,-'(3-,+&%"#'(-#&3-(,-'(
9<Q#-*-#&'('"#&(+,"3'(394%'()+3($-'(")93+&-03'( ,"4%A0-'($-( &7)-(G(-&(H(-&(G("0(H.(K+(
'9,-!&%"#( $-'( 9<Q#-*-#&'( %#!,0'( $+#'( ,+( !1+T#-( '-( 39<Q,-( +35%&3+%3-( Ȃȱ
$9)-#$(ȱ ȱ ȱ ȱ ȱ Ȃ¢(j( ,ȱ ȱ ȱ Ȃȱ ·ȱ
A0+#&(:(-,,-(ȱȂȱ¹ȱùȱȱÉȱȱ··ȱ9-;(!-(A0%()-0&($9)-#$3-($-'(
ȱȱȱȱ··ȱȱȂ¢ǯȱȱȱ·¸ȱȱȱÉ-(
-'&(+))-,9(G(9<Q#-*-#&(3+!%#-(H("0(G(9<Q#-*-#&(%#%&%+&-03(H.(
Ȃ¡ȱ ȱ ȱ ·¸ȱ $-( *"$Q,-( '9A0-#&%-,( -'&( ,+( &19"3%-( $-'( G($"*%#"'(H(
Ȃ
ȱȱȱŗşřŗȱhV-%#3%!1;(\d^\i.(L-,"#(!-(*"$Q,-;(A0%(!"#'&%&0-(Ȃ0#($-'(
ȱ¸ȱȂ¡ȱȱ Ȃǰȱ ȱ·¸ȱȱ¥ȱȱȱ
I"3*-#&(0#-(·ȱȱǯȱȱȂȱǰȱȂȱȱ·ȱȱȱ
ÉȱȂ·¸ȱ#+#&('-,"#(0#("3$3-()+3&%!0,%-3.(
Ȃȱ ( !10&-;( Ȃ·¸ȱ ȱ Éǯȱ?-&&-( &19"3%-( $%'&%#40-(
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Figure 2 Ŷ Théorie des dominos 
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Figure 3 Ŷ 0RGqOHG¶DFFLGHQW ± Fromage Suisse 
adapté de Reason [Reason, 1997] 
ȱ¸ȱȂȱ ȱ ȱȱȱ ·ȱȱ ȱ
ȂȱǯȱK-(*"$Q,-($-(@-+'"#(!"#'&%&0-()"03('+()+3&(0#-(+))3"!1-('&+&%A0-($-(
ȂȱȱȱȂȱȱA0-(,-('7'&Q*-('"!%"R&-!1#%A0-(-'&(5-+0!"0)(),0'(
$7#+*%A0-(A0-(!-(*"$Q,-(#-(,-('044Q3-.(
[0( 3-4+3$( $-( ,+( !"*),-2%&9( $-'( '7'&Q*-'( -&( $-( ,+( )3%'-( -#( !"*)&-( $-'( I+!&-03'(
ȱȱȱâȱȂȱȱȱȱȱȱȱȱǰȱ
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
 
 
(
34 
%,( '-*5,-( %*)"3&+#&( $-( !"*)3-#$3-( !-( A0-( )-0&( P&3-( 0#-( &19"3%-( $0( 3%'A0-(
"34+#%'+&%"##-,.(S#(-II-&;(,-(*"$Q,-($9<-,"))9()+3(@-+'"#(I+%&(#"&+**-#&('0%&-(+02(
&3+<+02(A0%("#&(9&9(*-#9'($-(I+m"#()39+,+5,-("0(-#()+3+,,Q,-()+3(?1+3,-'(D-33"l(-&('+(
·ȱȱȂȍ(+!!%$-#&(#"3*+,(H(+%#'%(A0-(,-'(&3+<+02($0(43"0)-($-(N-3p-,-7($+#'(,-(
ȱ ȱ 
ǯȱ Ȃȱ $0( )+3+43+)1-( '0%<+#&( -'&( $-( )39'-#&-3( !-'( $-02(
+))3"!1-'("34+#%'+&%"##-,,-'.(
3.3. La vision « organisationnelle ªGHO¶accident 
>-02(!"03+#&'(&19"3%A0-'("#&()3%#!%)+,-*-#&(I"!+,%'9(,-03(+&&-#&%"#('03(,-'(+')-!&'(
"34+#%'+&%"##-,'($-( ,+( '9!03%&9(f( ,+( &19"3%-($-( Ȃȱȱ hD-33"l;(\dddi(-&( ,+(
&19"3%-('03(,-'("34+#%'+&%"#'(:(1+0&-(I%+5%,%&9(BV@oC(h@"!1,%#;(@"5-3&';(K+(D"3&-(\de_(j(
Y-%!p( \de_;( \dd^;( \ddd(j( @"5-3&';( \dd`i.( ȱ Ȃȱ '-( '"%-#&( $9<-,"))9-'(
'%*0,&+#9*-#&;( $+#'( 0#( !"#&-2&-( *+3A09( )+3( $-( I"3&'( $9<-,"))-*-#&'(
&-!1#","4%A0-';(!-'($-02(9!",-'($%<-34-#&('03(!-3&+%#'()"%#&';(!"**-(,-(*"#&3-#&(,-'(
$-02()+3+43+)1-'('0%<+#&'.(
3.3.1. /DWKpRULHGHO¶DFFLGHQWQRUPDO 
Ȃȱ ȱ?1+3,-'( D-33"l( )-3*-&( $-( !"*)3-#$3-( ,-'( !+0'-'( $-'( +!!%$-#&'(
$+#'( ,-'( "34+#%'+&%"#'( !"*),-2-'( %#&943+#&( $-'( &-!1#","4%-'( $-( )"%#&-( &-,,-'( A0-(
!-#&3+,-'( #0!,9+%3-';( %#'&+,,+&%"#'( )9&3"!1%*%A0-';( +<%"#';( 5+&-+02;( -#4%#'( ')+&%+02(
"0(+3*-'(#0!,9+%3-'.(
K+(&19"3%-(ȱȂ(#"3*+,($9<-,"))9-()+3(D-33"l(+(9&9(I"3*0,9-(:(,+('0%&-($-(
Ȃȱ ·ȱ ȱ ȱȱ ( -#( \d_d( hD-33"l;( \de]i.( D-33"l( %#&3"$0%&(
Ȃ·ȱ ȱ ȱ ȱ ¢¸ȱ ( -&( ,-'( "34+#%'+&%"#'( !"*),-2-';( ,-'(
+!!%$-#&'( 43+<-'( '"#&( G(#"3*+02(H( -&( $"#!( %#9<%&+5,-'( hD-33"l;( \dddi( -&( !-;(
%#$9)-#$+**-#&($-(!-(A0%()-0&(P&3-(I+%&()"03(,-'(9<%&-3.(>+#'(,-(!+$3-($-('+(&19"3%-(
3-,+&%<-*-#&( )-''%*%'&-;( D-33"l( $9I%#%&( $-02( $%*-#'%"#'(f( ,+( G(!"*),-2%&9(
%#&-3+!&%<-(H( -&( ,-( G(!"0),+4-( I"3&(H;( A0%( $9&-3*%#-ȱ ȱ ·ȱ Ȃȱ ¢¸ȱ
+02(+!!%$-#&'.((
W#('7'&Q*-(!"*),-2-(-'&(!"*)"'9($-(#"*53-02(9,9*-#&'(%#&-3+4%''+#&(-#&3-(-02(
$-( I+m"#( )+3I"%'( -2&3P*-*-#&( 9,+5"39-.( K-'( %#&-3+!&%"#'( ,%#9+%3-'( '03<%-##-#&( ,"3'(
Ȃ·ȱ ȱȱ ȱȱ)3"$0!&%"#( -&( '"#&( 3-,+&%<-*-#&( <%'%5,-'(*P*-(
Ȃ-,,-'(3-<P&-#&(0#(!+3+!&Q3-(%#+&&-#$0(j(,-'(%#&-3+!&%"#'(!"*),-2-'(#-('"#&;(-,,-';(
)+'(I+*%,%Q3-'("0(!"#'&%&0-#&($-'('9A0-#!-'( %*)39<0-'("0(%#+&&-#$0-'(-&(#-('"#&(#%(
<%'%5,-'( #%( !"*)391-#'%5,-'( %**9$%+&-*-#&( hD-33"l;( \deai.( [%#'%;( ,+( !"*),-2%&9(
%#&-3+!&%<-('-(39IQ3-(:(,+()39'-#!-($+#'(0#('7'&Q*-(Ȃȱ·ȱȂ·¸ȱȱ
)39<0-;( ȱ Ȃ¸( '"%&( %#<%'%5,-( '"%&( #"#( %**9$%+&-*-#&( !"*)391-#'%5,-.( L%( ,+(
!"*),-2%&9(%#&-3+!&%<-()-0&(ȱȱ·ȱȂȱ¡ǰȱD-33"l(
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
 
 
(
35 
%#&3"$0%&( ,+( #"&%"#( $-( G(!"0),+4-( I"3&(H( )"03( -2),%A0-3( Ȃȱ Ȃȱ ȱ
#"3*+,.(
ȱ ¸ȱ ··ǰȱ ȱ ȱ Ȃ··ȱ ǻȱ ȱ I+%5,-C( $+#'( 0#( '7'&Q*-(
+II-!&-('+(!+)+!%&9(:(39)"#$3-(:(0#-()-3&035+&%"#()"0<+#&(*-#-3(:(0#(+!!%$-#&.(W#(
'7'&Q*-(:(!"0),+4-(I"3&(-'&(0#('7'&Q*-(-2&3P*-*-#&(%#&-3$9)-#$+#&(f(!1+A0-()+3&%-(
$0('7'&Q*-(-'&( I"3&-*-#&(3-,%9-(+02(+0&3-'(j(0#(!1+#4-*-#&($+#'(0#-()+3&%-(+II-!&-(
$"#!( ,-'( +0&3-'( )+3&%-'.( ?-'( '7'&Q*-'( )-0<-#&( P&3-( !+3+!&93%'9'( )+3( $-( &3Q'(
#"*53-0'-'( 39&3"+!&%"#'( -#&3-( ,-'( $%II93-#&'( 9,9*-#&'.( K-'( '7'&Q*-'( I"3&-*-#&(
·ȱ ·ȱ ȱ ¡ȱ ȱ ȱ ȱ ·ȱ ȱ Ȃ·ȱ
$9'+'&3-0'-.([%#'%;( ,-'( '7'&Q*-'( :( !"0),+4-( I"3&( )"''Q$-#&( $-( #"*53-02( )3"!-''0'(
%#&-3$9)-#$+#&'(Ȃȱȱȱȱ ȱȱ ȂȱȱȂȱ
·ȱ ȱ ǯȱ ȱ ǰȱ ȱ ȱ ¢ȱ Ȃǰȱ ȱ ·ȱ ȱ ¹ȱ
!"#'%$939-'(!"**-($-'(%#<+3%+#&'($0(I+%&($-'(!"#&3+%#&-'($-(!"0),+4-.(
ȱ ȱ ·ȱȱ Ȃȱ ǰȱ ȱ ¢¸ȱ ȱ ¡ȱ ȱ
I"3&-*-#&( !"0),9'( 3-#!"#&3-#&( %**+#A0+5,-*-#&( ȱ ȱ Ȃȱ ȱ )-0<-#&(
9<%&-3.( K"3'A0-( ,-( '7'&Q*-( -'&( %#&-3+!&%<-*-#&( !"*),-2-;( $-'( %#&-3+!&%"#'( -#&3-(
$9I+%,,+#!-'( %#$9)-#$+#&-'( )-0<-#&( '03<-#%3;( A0-( ,-'( !"#!-)&-03'( Ȃȱ ȱ
+#&%!%)9-'ǯȱ ȱ ȱ ¢¸ȱ ȱ ȱ ·ȱ ·ǰȱ ȱ ȱ ȂÉȱ
)-0<-#&(*-#-3(:(0#-()-3&-($-(!"#&3Z,-()+3(,-'(")93+&-03'(+<+#&(A0-(!-'($-3#%-3'(#-(
)3-##-#&(,+(*-'03-($-(,+('%&0+&%"#(-&(Ȃ+)),%A0-#&($-'(9<-#&0-,,-'(+!&%"#'(!"33-!&%<-'.(
D-33"l(+))-,,-(!-'('7'&Q*-'($-'(G(+!!%$-#&'(H(hD-33"l;(\dddi.(
ȱ ¥ȱ Ȃȱ 
ȱ ȱ ȱ ·ȱ ȱ ,-( )+3+43+)1-( ^.^.];( ,+(
·ȱȱȂ(#"3*+,(-'&(),0'(G('&30!&03-,,-(H(-&(),0'(G()",%&%A0-(H(f(
Ŷ ),0'( '&30!&03-,,-( !+3( D-33"l( %$-#&%I%-( $-02( !+3+!&93%'&%A0-'( '&30!&03-,,-'( $-(
#"*53-0'-'( "34+#%'+&%"#'( *-&&+#&( -#( 6-0( $-'( &-!1#","4%-'( $+#4-3-0'-'(f( ,+(
G(!"*),-2%&9( %#&-3+!&%<-(H( -&( ,-( G(!"0),+4-(H;( 3-#$+#&( !-'( "34+#%'+&%"#'( ),0'(
G('-#'%5,-'(H(+02(+!!%$-#&'(j(
Ŷ )ȱȱȱȱ·ȱȱȱȱȂȱȱȱȂ·¹&'(+0(
'-%#(*P*-( $-( !-'( "34+#%'+&%"#'(*+%'( +0''%( -#&3-( !-'( "34+#%'+&%"#'( -&( ,-(*%,%-0(
)",%&%A0-.( [%#'%;( !-'( !"#I,%ȱ Ȃ·¹ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
I39A0-#!-($-'(+!!%$-#&'(-&(ȱȱ·ǯȱȂȱ(D-33"l('"0,%4#-(
ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
'+#'(<","#&9($-('9!03%&9(-#4-#$3-($-'(3%'A0-'(%#0&%,-'(hL+4+#;(\dd^i.(
D-33"l(+(I"03#%(0#(&3+<+%,(%*)"3&+#&()"03(%$-#&%I%-3(,+(!"*),-2%&9(%#&-3+!&%<-(-&(,-(
ȱ ȱ ȱ ȱ ·ȱ Ȃȱ '( 3%'A0-'( +0( '-%#( $-'(
'7'&Q*-'(j( %,( !"#!,0+%&( %#%&%+,-*-#&( A0-( 3%-#( #-( )-0&( P&3-( I+%&( )"03( )39<-#%3( ,-'(
+!!%$-#&'($+#'($-'( '7'&Q*-'( !"*),-2-'.(?-&&-()"'%&%"#( &3Q'()-''%*%'&-( 3-'&-( I"#$9-(
ȱ Ȃ¢¸ȱ ȱ ȱ ( -'&( ,+( '-0,-( ȱ ȱ Ȃ·ȱ ȱ
'9!03%&9(hK-<-'"#;(>0,+!;(8+3+%';(?+33",,;(]``ci.(D+3+,,Q,-*-#&;(D-33"l(9#"#!-(A0-(,+(
3-$"#$+#!-( #-( '+03+%&( P&3-( 59#9I%A0-( Ȃ-,,-( %#&3"$0%&( 0#-( !"*),-2%&9(
'0)),9*-#&+%3-( -&( *Q#-( $"#!( :( 0#-( )3%'-( $-( 3%'A0-( '0)),9*-#&+%3-.( S#( I+%&;( %,(
)3")"'-( $-( #"*53-02( -2-*),-'( $-( $%')"'%&%I( $-( '9!03%&9( 3-$"#$+#&'( "0( $-(
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
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$96:(*"#&39( A0-( ,+( 3-$"#$+#!-( )-0&( ·ȱ Ȃ·ȱ ȱ ȱ ȱ ··;(
#"&+**-#&($+#'(,-($"*+%#-(#0!,9+%3-(hL+4+#;(\dd^i.(
D-33"l( )"'&0,-( -#( -II-&( A0-( ,+( 39$0!&%"#( $-( ,+( !"*),-2%&9( -&( $0( !"0),+4-( <+(
%339*9$%+5,-*-#&(¥ȱȂȱȱ·¹ȱȱ·;(!-(A0%(Ȃȱȱȱȱ
!+'(h8+3+%';(>0,+!;(K-<-'"#;(]``ai.(K-<-'"#(*"#&3-(Ȃȱ(A0-(,+(3-$"#$+#!-(-&(
Ȃȱȱ¢¸ȱȱȱȱȱȱȱ(*"%#'(-II%!+!-'(-&(
,-'( ),0'( !"t&-0'-'( $+#'( ,+( !"#!-)&%"#( $-( ,+( '9!03%&9;( -&( Ȃȱ ( A0-( $-(
ȱȱȂȱȱ ȱ ( !"**-('",0&%"#('"#&(-II%!+!-'(
-#(!"#!-)&%"#(hK-<-'"#;(\ddci.(K-'(+))3"!1-'(B$"#&(,+('9!03%&9($-'('7'&Q*-'C(,-'(),0'(
ȱ ȱ ȱ ȱ Ȃ·ȱ ȱ ȱ ȱ ·#&( $-( I+m"#(
%*)"3&+#&-(,-03()3"5+5%,%&9()+3($-'(*"7-#'(+0&3-'(A0-(,+(3-$"#$+#!-(Ȱȱ)+3(-2-*),-(
-#(3-*),+m+#&($-'(*+&93%+02($+#4-3-02()+3($-'(*+&93%+02('t3';(-#(39$0%'+#&( &"0&-(
!"*),-2%&9(%#0&%,-;()+3($9!"0),+4-;(-#(!"#!-<+#&()+3(,+(!"#&3Z,+5%,%&9;(,-('0%<%ǳ(>+#'(
ȱ ·ȱ Ȃǰȱ  ȱ ȱ ȱ ¡ȱ ȱ ·ȱ ȱ ȱ ȱ -&( ,-'(
!"#'9A0-#!-'( #94+&%<-'( $-( '+( *0,&%),%!+&%"#( $+#'( 0#( '7'&Q*-( &-!1#","4%A0-(
!"*),-2-;(-&(+<+#!-(&3"%'(3+%'"#'()3%#!%)+,-'(f(
Ŷ ,+(*0,&%),%!+&%"#( $-'( 3-$"#$+#!-';(*P*-( %#$9)-#$+#&-';( -#4-#$3-( 1$! E+%(&( 0#-(
+04*-#&+&%"#( $-( ,+( !"*),-2%&9( $-'( "34+#%'+&%"#'( 1+0&-*-#&( &-!1#","4%A0-'( -&(
)-0&($"#!(*-#-3(:($-'('%&0+&%"#'(G(%#+&&-#$0-'(H(j(
Ŷ Ȃȱȱȱȱȱ¢¸ȱȱ;("!!0,&+#&(+%#'%($-'(
$9I+%,,+#!-'( 10*+%#-'( "0( &-!1#%A0-'( -&( !39+#&( $-'( '%&0+&%"#'( $-( $9I+%,,+#!-(
,+&-#&-(j(
Ŷ -#I%#;( ,+( 3-$"#$+#!-(!39-(0#-('%&0+&%"#($-('9!03%&9(A0%(-#4-#$3-(:('"#( &"03(0#-(
)3%'-($-(3%'A0-('0)),9*-#&+%3-($-(,+()+3&($-'(")93+&-03'.(
>!%&'()+),&;(%,(-'&(5"#($-('"0,%4#-3(A0-(,+(!"*),-2%&9(-&(,-(!"0),+4-(%#'939'($+#'(0#(
'7'&Q*-( )-3*-&&-#&( Ȃ&&-%#$3-( 0#( #%<-+0( $-( )-3I"3*+#!-( '0)93%-03;( :( $-'( !"t&'(
&"0&-I"%'( 94+,-*-#&( '0)93%-03'.( o3;( $-'( '7'&Q*-'( !"#m0'( ),0'( '%*),-*-#&( -&(
$9!"0),9'()-0<-#&(,+(),0)+3&($0(&-*)'(+&&-%#$3-(,-'(*P*-'("56-!&%I'.(ȱȂ(-'&(
+,"3'( $-(*%#%*%'-3( ,-'( !"*)3"*%'( -&( $-( $9&-3*ȱ Ȃ·ȱ ȱ ǯ( ?-&&-(
+))3"!1-('-(1-03&-(#9+#*"%#'(:(0#($"05,-(9!0-%,(f(,+()-3!-)&%"#($0(3%'A0-;(A0%()-0&(
!"#'%$93+5,-*-#&(ȱȂȱ·ȱ¥ȱȱ;(-&(Ȃȱȱȱȱȱ
'%*),-(:(0#()3"5,Q*-($"##9.(
K+('-!"#$-(+))3"!1-($0(3%'A0-("34+#%'+&%"##-,(+(9&9($9<-,"))9-(+0(&3+<-3'($-(,+(
&19"3%-($%&-($-'("34+#%'+&%"#'(:(1+0&-(I%+5%,%&9.(
3.3.2. Les organisations à haute fiabilité 
Ȃ(:(1+0&-(I%+5%,%&9(B"0(0,50!)$2,+3,2,(:!&)5+',G+(,&'-;(V@oC(+(9&9($9I%#%-(
)+3( @"5-3&'( h@"5-3&';( \ded(j( @"5-3&';( \dd`i( !"**-( 0#-( "34+#%'+&%"#( $+#4-3-0'-(
-2%4-+#&(0#(&3Q'(1+0&(#%<-+0($-('9!03%&9()-#$+#&($-(,"#40-'()93%"$-'.(K-($"*+%#-($-(
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3-!1-3!1-($-'(V@o(Ȃ-'&(!"#'&%&09(:()+3&%3(Ȃ"5'-3<+&%"#'(I+%&-'(+0(!"03'($-( Ȃ·ȱ
$-( $-02( )"3&-R+<%"#'( +*93%!+%#';( $0( !"#&3Z,-( $-( &3+I%!( +93%-#;( Ȃ0#-( %#'&+,,+&%"#(
·ȱ ȱ Ȃȱ ·ȱȱ )-03'R)"*)%-3'( hK+(D"3&-;( \dd\i;( A0%( !"#&3-$%'+%-#&(
,-'(17)"&1Q'-'($-(D-33"l(-#('04493+#&(A0-($-'('7'&Q*-'(%#&-3+!&%<-*-#&(!"*),-2-'(
-&( I"3&-*-#&( !"0),9'( )-0<-#&( I"#!&%"##-3( )-#$+#&( $-( ,"#40-'( )93%"$-'( +<-!( )-0(
Ȃǯ(
K+( ,%&&93+&03-( !"#'+!39-( +02( V@o( -'&( %*)"3&+#&-( -&( !"#&%#0-( $-( Ȃ.(
J9+#*"%#';(,+(),0)+3&($-'(!1-3!1-03'($0(ȱȱ
ȱȂȱ¥ȱȱȱ
A0+&3-( !+3+!&93%'&%A0-'( "34+#%'+&%"##-,,-'( )-3*-&&-#&( $-( ,%*%&-3( ,-'( +!!%$-#&'( -&(
Ȃȱȱȱȱȱ(f((
Ŷ 0#-()3%"3%'+&%"#($-(,+('9!03%&9(-&($-'()-3I"3*+#!-';(ȱȱȱȂ0#(!"#'-#'0'(
'ȱȱȱȂȱ"34+#%'+&%"#(hK+(D"3&-;(\dd\i(j(
Ŷ 0#-()3"*"&%"#($-( ,+( !0,&03-( $-( ,+( I%+5%,%&9( +0( '-%#( $-( Ȃǰ( +0''%( 5%-#(
!-#&3+,%'9-(A0-($9!-#&3+,%'9-(j(
Ŷ Ȃȱ ȱ Ȃȱ ( )-3*-&&+#&( $-( *+2%*%'-3(
Ȃȱȱǰȱȱȱǻȱ·ȱȱȱȱ
Ȃ¡·;C(j(
Ŷ ȱȂȱ·ȱȱȱ($-(3-$"#$+#!-(h@"!1,%#;(\de_i.(
K+( ),0)+3&( $-'( 3-!1-3!1-'( 39!-#&-'( $+#'( ,-( $"*+%#-( $-'( V@o( '-( I"!+,%'-#&( '03(
Ȃȱȱȱȱ:($%II93-#&'('7'&Q*-'("0(&-#&-#&($-(,-'(!"339,-3(+<-!(,-'(
!+3+!&93%'&%A0-'($-()-3I"3*+#!-("34+#%'+&%"##-,,-'(!"**-(,+(I%+5%,%&9(h@"5-3&';(]``ci.(
?"**-()"03( ȱ ·ȱȱ Ȃȱǰȱ),0'%-03'(!+3+!&93%'&%A0-'($-'(V@o(
'"#&('06-&&-'(:(!"#&3"<-3'-;(Ȃȱȱȱȱ·ȱ¸ȱǯ(
K-()3-*%-3(43"0)-($-(39'-3<-'()"3&-('03(,-(!"#!-)&(*P*-($-(V@o.(D+3($9I%#%&%"#;(
0#-( V@o( -'&( 0#-( "34+#%'+&%"#( +0( '-%#( $-( ,+A0-,,-( $-'( $%x+%#-'( $-( *%,,%-3(
Ȃ·¸ȱ ȱ ȱ ȱ )3"<"A0-#&( )+'( $-( !+&+'&3")1-.(
?-&&-( $9I%#%&%"#( #-( )-0&( P&3-( +!!-)&+5,-( A0-( $+#'( 0#-( !0,&03-( $+#'( ,+A0-,,-( ,-'(
!+&+'&3")1-'(-&(,-'(+!!%$-#&'('"#&(&",93+5,-';()"'%&%"#($"#&(,+(,94%&%*%&9(-'&($-(),0'(-#(
),0'( <%",-**-#&(*%'-( :(*+,.(W#-($9I+%,,+#!-( !+&+'&3")1%A0-()-0&( P&3-(<0-( !"**-(
0#-(9<-#&0+,%&9()"03($-'(+!&%<%&9'(+''"!%9-'(:($-(I"3&'($+#4-3'.([%#'%;()"03(9<%&-3(0#(
)3"5,Q*-($-($9I%#%&%"#;(,-'(!1-3!1-03'($0($"*+%#-($-'(V@o(,-'($9I%#%''-#&($-(I+m"#(
ȱ ·ȱ ȱ ȱ ȱ ȱ 
ȱ ȱ ȱ ¢¸ȱ ¥ȱ Ȃȱ ȱ
)-3I"3*+#!-'(,%53-'(ȱȱȱȂȱǽȱǰȱŗşşŜǾǯ(
8+,439(!-('"0!%($-($9I%#%&%"#;(,-'(')9!%+,%'&-'(ȱȂȱ
ȱ3-,Q<-#&(A0-(,-'(
'7'&Q*-'(9&0$%9'($+#'(!-(!+$3-(I"#&()+3&%-($-'('7'&Q*-'(%#&-3+!&%<-*-#&(!"*),-2-'(-&(
I"3&-*-#&( !"0),9'( &-,'( A0-( $9I%#%'( )+3( D-33"l.( k0-,A0-'( )39!%'%"#'( )-0<-#&( P&3-(
+))"3&9-'(:(!-&&-(+II%3*+&%"#.(L%(,-('7'&Q*-($-(!"#&3Z,-($0(&3+I%!(+93%-#(-'&(+0''%('t3(
ȱ ȱ Ȃȱ ȱ ¹;( !Ȃ( )39!%'9*-#&( )+3!-( A0-( ,+( !"#!-)&%"#( $0( '7'&Q*-( +( 9&9(
···ȱ ··ȱ ȱ Ȃȱ ȱ ··ǯȱ ?-( '7'&Q*-( +( 9&9(
<","#&+%3-*-#&( $%<%'9( -#( ),0'%-03'( '-!&-03'( %#$9)-#$+#&'( $-'( )1+'-'( $-( <",;( -,,-'R
*P*-'( ,%*%&9-'( -&( !"#&3Z,9-'.( W#( !"0),+4-( I+%5,-( -'&( 94+,-*-#&( +''039( )+3( ,-(
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ȱȂ(I"3&($9!"0),+4-(ȱȂ(ǲȱȱȂȱǰ(,-'(-33-03'(!"**%'-'(
)+3( ,-'(!"#&3Z,-03'()-0<-#&(P&3-( !"33%49-'(+<+#&(0#(9<-#&0-,( %*)+!&('03( ,+('9!03%&9.(
ȱ ȱ Ȃȱ )-3*-&&-#&( $-( )39<-#%3( ,-'( +!!%$-#&';( !"**-( ,-'( '7'&Q*-'(
Ȃ·ȱȱǯ(
K-'(!1-3!1-03'(V@o('"0,%4#-#&(,-(I+%5,-(#%<-+0($-(!"*),-2%&9($-'('7'&Q*-'(Ȃȱ
)-0<-#&( 9&0$%-3.( ?"**-( ,-( '"0,%4#-( K+( D"3&-;( G(,-'( V@o( )3-##-#&( $-'( $9!%'%"#'(
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(
Résumé des théories organisationnelles 
 
Pour 6DJDQ OHV+52HW OD WKpRULH GH O¶DFFLGHQW QRUPDO
présentent des hypothèses tout à fait plausibles et 
logiques [Sagan, 1993]. 
Néanmoins, elles sont toutes les deux basées sur une 
approche empirique. Il importe dès lors de se demander 
VL O¶XQHRX O¶DXWUHSHXWestimer précisément la probabilité 
G¶RFFXUUHQFH G¶XQ DFFLGHQWgrave dans une organisation 
hautement technologique. 
Le tableau 2 présente les principales caractéristiques des 
deux approches. 
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!6=1-+%&CDE& ·ȱȱȂȱ&
K-'(+!!%$-#&'()-0<-#&(P&3-(9<%&9'()+3(,-(
ȱȂȱȱȱȱȂȱȱ
!"#!-)&%"#("34+#%'+&%"##-,,-.(
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"34+#%'+&%"##-,,-.(
K+('9!03%&9(-'&(0#($-'(#"*53-02("56-!&%I'(
ȱȂ.(
K-'(3-$"#$+#!-'(+*9,%"3-#&(,+('9!03%&9.(
ȱȱȱȱ¥ȱȂȱ
$-'(+!!%$-#&'.(
>-'()3"!-''0'($-(39)"#'-($9!-#&3+,%'9'(
'"#&(#9!-''+%3-'()"03()-3*-&&3-($-'(
39)"#'-'(+$+)&9'(+02('03)3%'-'.(
?"#&3+$%!&%"#("34+#%'+&%"##-,,-(f(0#-(
$9!-#&3+,%'+&%"#(-'&(#9!-''+%3-()"03(,+(
!"*),-2%&9(*+%'(0#-(!-#&3+,%'+&%"#(-'&(
%#$%')-#'+5,-()"03(,-'('7'&Q*-'(
I"3&-*-#&(!"0),9'.(
W#-(!0,&03-($-(,+(I%+5%,%&9(+*9,%"3-3+(,+(
'9!03%&9(-#(-#!"03+4-+#&($-'(39)"#'-'(
+$9A0+&-'(-&(0#%I"3*-'.(
W#(*"$Q,-(*%,%&+%3-($-($%'!%),%#-;($-(
ȱȱȂ(-'&(
%#!"*)+&%5,-(+<-!($-'(<+,-03'(
$9*"!3+&%A0-'.(
K+(!"#&%#0%&9($-'(")93+&%"#';(
ȂÉȱȱȱȱ
)-3*-&&-#&($-(*+%#&-#%3($-'(")93+&%"#'(
1+0&-*-#&(I%+5,-'.(
K-'("34+#%'+&%"#'(#-()-0<-#&()+'(
ȂÉȱȱȱȱȂ·ȱ
%#!-3&+%#-'.(
K-'()3"!Q'(-&(,-'(-33-03'($-'(+!!%$-#&'(
)-0<-#&(P&3-(-II%!+!-'(-&()-0<-#&(P&3-(
!"*),9&9'()+3($-'('%*0,+&%"#'("0($-'(
ȱȂ.(
K+(#"#R)3%'-($-(3-')"#'+5%,%&9(I+!-(:(
Ȃȱ¢ȱȱȱ
Ȃȱǯ(
Tableau 2 Ŷ CaractpULVWLTXHVGHV+52HWGHO¶DFFLGHQWQRUPDO 
adapté de Sagan, 1993 
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+))3"!1-( '7'&9*%A0-( -&( $7#+*%A0-.( K-'( ¸ȱ Ȃ-#&( $%&'( G('7'&9*%A0-'(H(
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9,9*-#&'(-&()+3($-(I"3&-'(!"#&3+%#&-'("34+#%'+&%"##-,,-'(hY""$'($(!+2.;(\ddai.(>+#'(!-'(
'7'&Q*-';( ,-'( +!!%$-#&'( '-( $9<-,"))-#&( )-#$+#&( 0#( !-3&+%#( &-*)'( -&( +))+3+%''-#&(
!"**-( ,-( 39'0,&+&( $-( $9I+%,,+#!-'( +0( #%<-+0( *+&93%-,( -&( 10*+%#( hD-33"l( \dea(j(
@-+'"#;(\dd`i.(
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4+3+#&%3( ,-( #%<-+0( $-( '9!03%&9( -&( $-( $9<-,"))-3( $-'( '&3+&94%-'( $-( )39<-#&%"#(
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!"#'%$Q3-( Ȃ( !"**-( 0#( '7'&Q*-.( >+#'( 0#( &3"%'%Q*-( -&( $-3#%-3( &-*)';( ,-'(
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o!!%$-#&;( I+%'+#&( $-( !-( 39$0!&%"##%'*-( 0#( A0+'%R$"4*-( '!%-#&%I%A0-( hK-( 8"%4#-;(
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!"**-(Ȃ;(,-(&3+#')"3&(*+3%&%*-;(,-(!"#&3Z,-($0(&3+I%!(+93%-#;(,-'(%#'&+,,+&%"#'(
#0!,9+%3-';( ,-'( %#$0'&3%-'($-(,+($9I-#'-("0( Ȃ·;("0(-#!"3-($+#'($-'('-!&-03'(
!"**-( ,+( !1%*%-;( ,+( )9&3"!1%*%-( "0( ,+( '+#&9ǯȱ ··ǰȱ ȱ ¸ȱ Ȃ(
ȱ Ȃ¸ȱ ·ȱ ¥ȱ Ȃ¢ȱ -'( +!!%$-#&'( '03<-#+#&( $+#'( ,-'(
'7'&Q*-'( '"!%"R&-!1#%A0-'(*"$-3#-';( $+#'( ,-'A0-,'( Ȃ+!!%$-#&( #-( 39'0,&-( )+'(Ȃȱ
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Ŷ K0$l%4(<"#(N-3&+,+#II7(-&('+(&19"3%-(49#93+,-($-'('7'&Q*-'(B)+3I"%'($9'%4#9-('"0'(
,-'( <"!+5,-'( $-( G(&19"3%-( 49#93+,-( $0( '7'&Q*-(H( "0( G(&19"3%-( $0( '7'&Q*-(
49#93+,-(HC;()05,%9-(-#(\dbe(j(
Ŷ /+7( r"33-'&-3;( A0%( 9,+34%&( ȱ ȱ Ȃȱ ȱ ȱ ȱ ·ȱ ȱ
'7'&Q*-'( :( ,+( $7#+*%A0-( $-'( '7'&Q*-';( 9,+5"3+#&( )+3( ,+( '0%&-( 0#-( $7#+*%A0-(
49#93+,-($-'('7'&Q*-'(:()+3&%3($-'(+##9-'(\dc`.(
r"33-'&-3( $9I%#%&( 0#( '7'&Q*-( !"**-( 0#( G(43"0)-( $-( )+3&%-'( ")93+#&( -#'-*5,-(
)"03( 0#( "56-!&%I( !"**0#(H( hr"33-'&-3;( \d_]i.( W#( '7'&Q*-( -'&( $"#!( 0#( 43"0)-(
Ȃ··-#&'( %#&-33-,%9';( %#&-3+4%''+#&'( "0( %#&-3$9)-#$+#&'( I"3*+#&( 0#( -#'-*5,-(
!"*),-2-(0#%I%9.(V+,,(·ȱ Ȃȱ ¢¸ȱȱ( Ȃ·ȱ ¢¸ȱG(#-()-0&(
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)3"5+5,-*-#&()+'(P&3-(39'0*9-(:(0#-($9I%#%&%"#(!,+%3-(-&(&3+#!19-(H.(M,(7(+(!-)-#$+#&(
),0'%-03'($9I%#%&%"#'(I"#$9-'('03(,+(,%&&93+&03-(-&(V+,,(+))"3&-(,+('%-##-(f(G(0#('7'&Q*-(
-'&( 0#-( !"ȱ Ȃȱ ·ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
+&&3%50&'(H( hV+,,;( \db]i.(>"**+'!1($9I%#%&( 0#( '7'&Q*-( !"*),-&( !"**-( G(Ȃȱ
A0-,(9A0%)-*-#&(!"*),-2-;(-2%'&-#!-(10*+%#-("0(%#&-33-,+&%"#(!"#m0'()"03(-II-!&0-3(
ȱ¦ȱ·ȱȱȂȱȱȱ¸ǯȱǰȱȱȱ¢¸ȱȱ
$%<%'9'( -#( '"0'R'7'&Q*-'( )"03( P&3-( -#( 1+3*"#%-( !"**-( $-'( 5,"!'( I"3*+#&( 0#(
'7'&Q*-(4,"5+,(H(h>"**+'!1;(\db]i.(
>+#'('"#("0<3+4-($-(\dd\;(@-!1&%#($9I%#%&(0#('7'&Q*-(!"**-(G(0#(-#'-*5,-($-(
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ǳȱ ȱ
'7'&Q*-()"''Q$-($-'()3")3%9&9'()3")3-'(A0%('"#&(%,,%*%&9-'(Ȱ(!1+A0-('7'&Q*-(-'&(0#-(
ȱ·ȱȂȱ¢'&Q*-(-#!"3-(),0'(43+#$(H(h@-!1&%#;(\dd\i.(M,(+6"0&-(f(
Ŷ G(ȱ ¢¸ȱ ȱ ȱ ȱ ¡ȱ Ȃ··ȱ ȱ ȱ ·ȱ
!"##-!&9'(-&(3-,%9'()"03(I"3*-3(0#(-#'-*5,-("34+#%A0-(j(
Ŷ Ȃȱȱȱȱȱȱȱȱǰȱȱȱȱ0-(,-('7'&Q*-(
¸ȱ ȱ ··ȱ ȱ ȱ ȱ ȱ ǯȱ ȱ ǰȱ Ȃȱ Ȃȱ
'7'&Q*-(-'&($-()"''9$-3(!-'(#"0<-,,-'()3")3%9&9'(H.(
ȱ ȱ Ȃȱ ¢¸ȱ ȱ ¹ȱ ȱ ȱ ¢ȱ &+#4%5,-'(j( ,-'(
!"*)"'+#&'()-0<-#&(+0''%(P&3-(%*)+,)+5,-'(&-,'(A0-($-'()3"!-''0';($-'(3-,+&%"#';($-'(
¸ȱ ·ǰȱȱ¡ȱȂǰȱȱ ȱ ȱȱ
$-'(9&+&'(%#&-3#-'(&-,'(A0-($-'('-#&%*-#&';($-'(<+,-03'("0(5%-#($-'(!3"7+#!-'.(
K-'( '7'&Q*-'( )"''Q$-#&( c( !+3+!&93%'&%A0-'( -''-#&%-,,-'( )-3*-&&+#&( $-( ,-'( !-3#-3(
h=1+3+6-$+41%;(]``bi.(
Ŷ(Ȃ(F( -,,-( )"3&-( '03( ,+( !+0'+,%&9( $+#'( 0#( '7'&Q*-( h>03+#&;(
\d_dih=+35",%#";( ]`\`i.( K-'(ȱ Ȃȱ ¢¸ȱȱ ȱ ¹ȱ ·ȱ +I%#(
A0-( ,-( '7'&Q*-( 3-*),%''-( '"#("56-!&%I($-( I+m"#(")&%*+,-.( L9)+3-3( ȱ ··ȱȂ#(
'7'&Q*-( '+#'( &"0!1-3( :( '-'( I"#!&%"#'( "0( :( '-'( 3-,+&%"#'( 3-<%-#&( :( !"#'&%&0-3( 0#-(
!",,-!&%"#(Ȃ··ȱ-&(#"#(0#('7'&Q*-(j($-( ,+(*P*-(I+m"#;(+6"0&-3($-'(9,9*-#&'(:(
0#-(!",,-!&%"#('+#'(*"$%I%-3('-'(I"#!&%"#'(-&('-'(3-,+&%"#'(3-<%-#&(:(5U&%3(0#-(#"0<-,,-(
!",,-!&%"#.(ȱȂ;(+''%4#-3($-(#"0<-,,-'(&U!1-'(:(0#(43"0)-(!"#$0%&(:(*"$%I%-3(
,-'(I"#!&%"#'(-&(,-'(3-,+&%"#'($-(!-(43"0)-;(ȱ¥ȱȱ·ȱȂ0#('7'&Q*-.(W#(
'7'&Q*-( 3-*),%&( $"#!( 0#-( !-3&+%#-( I"#!&%"#( )"0<+#&( P&3-( $9I%#%-( !"**-( ,-( 50&(
%$-#&%I%+5,-()+3(0#("5'-3<+&-03.(
Ŷ(G"& (*-23*2-%(F( ,ȱ ȱ Ȃȱ ¢¸ȱ ȱ ¹ȱ ·ȱ Ȃȱ ȱ
I+m"#( )"03( A0-( ,-( '7'&Q*-( )0%''-( +&&-%#$3-( '"#( "56-!&%I.( D,+!9'( $+#'( 0#( "3$3-(
+,9+&"%3-;(ȱ··ȱȂȱ(#-()-0<-#&(!"#'&%&0-3(0#('7'&Q*-.(W#('7'&Q*-(
-'&( ·ȱ Ȃȱ ȱ Ȃ··ȱ ȱ Ȃ0#-( '&30!&03-( A0%( $9&-3*%#-( '+(
I"#!&%"#;('"#(50&;('"#(!"*)"3&-*-#&(-&('"#(%$-#&%&9.([%#'%(0#('7'&Q*-(-'&(%#$%<%'%5,-(
-&('"#(50&(*P*-(#-()-0&(P&3-(+&&-%#&($+#'('"#(%#&943+,%&9('%(0#("0(),0'%-03'(9,9*-#&'(
'"#&('0))3%*9'.(
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Ŷ(Ȃ·&F(!1+A0-('7'&Q*-(+(0#(50&()+3&%!0,%-3(-#(3-,+&%"#(+<-!(0#('7'&Q*-(
),0'(%*)"3&+#&(+0('-%#($0A0-,(%,(-'&(%#!,0'.(W#('7'&Q*-()"''9$+#&('"#()3")3-("56-!&%I(
-&( 9&+#&( 0#-( -#&%&9( $%'!3Q&-( +7+#&( 0#-( !-3&+%#-( %#&943%&9( *+%#&-#+#&( -#'-*5,-( '-'(
!"#'&%&0+#&';( %,( ȱ ȱ Ȃȱ ȱ ȱȱ ¢¸ȱ ȱ ȱ ȱ ȱ
#"0<-+0(),0'(%*)"3&+#&.((
L-,"#( ,-(¹ȱ ǰȱ ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ ¢¸ȱ )"03(
ȱȱ¢¸ȱȱȱȱ¥ȱȂǯ(
Ŷ(ȂH1-@"0+("*+10&F( &"0&( '7'&Q*-( *+%#&%-#&( '"#( 9A0%,%53-( 43U!-( :( $-'(
I,0!&0+&%"#'( -&( $-'( +60'&-*-#&'.( K+%''9( :( ,0%R*P*-;( ,-( '7'&Q*-( !1-3!1-( :(*+%#&-#%3(
'"#( 9A0%,%53-.( W#( '7'&Q*-( +&&-%#&( '+( '&+5%,%&9( :( &3+<-3'( $-'( I,0!&0+&%"#';( $-'(
%#&-3+!&%"#';( $-'( 39&3"+!&%"#'( -&( $-'( +60'&-*-#&'( A0%( !%3!0,-#&($-( I+m"#( !"#&%#0-( +0(
'-%#($-('-ȱ·ȱȱȱȂȱȱ¢¸ȱȱȱǯ(
Ŷ(G"&-=*-1"3*+10&F(&"0&('7'&Q*-()"''Q$-($-'(5"0!,-'($-(39&3"+!&%"#.(K+(39&3"+!&%"#(
$9'%4#-( ȱ ȱ ȱ ȱ ȱ Ȃ'.( K+( !+3+!&93%'&%A0-( ,+( ),0'(
ȱȱ ȱ·ȱȱȂȱ ȱ ,-( !+&+,7'-03(Ȃ0#(!1+#4-*-#&($-(
!"*)"3&-*-#&(-#(%#%&%+#&(0#(ȱȂR"34+#%'+&%"#.(W#('7'&Q*-()"''Q$-('-'(
)3")3-'( 39&3"+!&%"#'(j( *+%'( !"#'&%&0+#&( ,0%R*P*-( ȱ ȱ Ȃȱ ¢¸ȱ ȱ
%*)"3&+#&;(%,()"''Q$-(+0''%($-'(39&3"+!&%"#'(+<-!(,-'('7'&Q*-'(-2&93%-03'.(
>+#'(!-3&+%#'('7'&Q*-';(,-'()3"!-''0'($-(39&3"+!&%"#(ȱȂȱ'-(*-&&-#&(-#(
),+!-( '%( ȱȂȱ ȱ ȱ ȱȱȱȱȱ ȱ ǯȱ
ȱ Ȃǰȱ ȱ ·ȱ ȱ ȱ ··ȱ ȱ ȱ ǰȱ ȱ ȱ Ȃ(
"5'-3<+&-03()-0&(9)3"0<-3($-'($%II%!0,&9'(:( ȱ Ȃȱ ȱ ȱ·ǯ(
r%#+,-*-#ǰȱȱ·ȱȂȱȱ·ȱȱȱ·ȱ¥ȱȱȱ
¹ȱ··ȱȱ¢¸ȱȱ¥ȱȱȱ¹ȱ¢¸ǯȱȱȱȂȱȱȱ
5%+%'($-(),0'%-03'(9,9*-#&'(%#&-3<-#+#&($+#'(0#()3-*%-3('7'&Q*-(-&(3-&"03#+#&($+#'(
0#('7'&Q*-(-2&93%-03(+<+#&($-(I%#+,-*-#&()+3<-#%3(:(Ȃ··ȱȱ¢¸ȱ%#%&%+,.(
Ȃȱ ³ȱ ··ǰȱ Ȃ·ȱ $-'( '7'&Q*-'(ȱ ȱ Ȃ·ȱ ȱ ȱ
39'0*9'($+#'(,-(&+5,-+0(^.(
(
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/¶DSSURFKHV\VWpPLTXH 
 
Ŷ Relie : se concentre sur les interactions entre les 
éléments 
Ŷ Considère les effets des interactions 
Ŷ 6¶DSSXLHVXUODSHUFHSWLRQJOREDOH 
Ŷ Modifie des groupes de variables 
Ŷ ,QWqJUHODGXUpHHWO¶LUUpYHUVLELOLWp 
Ŷ Valide les faits par comparaison du fonctionnement du 
modèle avec la réalité 
Ŷ Recourt à des modèles insuffisamment rigoureux pour 
servir de base aux connaissances, mais utilisables dans 
ODGpFLVLRQHWO¶DFWLRQ 
Ŷ Est efficace lorsque les interactions sont non linéaires et 
fortes 
Ŷ Conduit à un enseignement pluridisciplinaire 
Ŷ Conduit à une action par objectifs 
Ŷ Apporte une connaissance des buts, mais les détails 
demeurent flous 
Tableau 3 Ŷ /¶DSSURFKHV\VWpPLTXH 
adapté de De Rosnay, 1975 
1.2. Le système complexe 
[0R$-,:( $-'( !+3+!&93%'&%A0-'( I"#$+*-#&+,-'( $-'( '7'&Q*-'( -2%'&-#&( $-'( '7'&Q*-'(
!"*),-2-'( $"&9'( Ȃ0#( !"*)"3&-*-#&( $%II93-#&( -&( )"'+#&( $-'( $9I%'( #"0<-+02( +02(
'7'&9*%!%-#'.( S#( +!&%"#;( 0#( '7'&Q*-( !"*),-2-( )"''Q$-( $-( #"*53-0'-'( <+3%+5,-';(
$%<-3'(I+!&-03'(-#&3+#&(-#(6-0(-&(),0'%-03'(9,9*-#&'('-*%R%#$9)-#$+#&'(-&(%#&-33-,%9'.(
ȱ ·ȱ Ȃȱ ¢¸ȱ ¡ȱ ( $-'( 5"0!,-'( $-( 39&3"+!&%"#( -#(
9<",0&%"#;(&+#$%'(A0-(,+($039-(-&(,+(,"#40-03($-'(3-&+3$'('"#&(-,,-'(+0''%('0'!-)&%5,-'(
$-(<+3%+&%"#'(j(0#(!-3&+%#(#"*53-($-('&30!&03-'()-0<-#&('-*5,-3(-#(!"#I,%&.((
K+( #"&%"#( $-( !"*),-2%&9( -'&( 0#-( ȱ ȱ Ȃǰȱ ( 3-#$+#&(
$%II%!%,-'( ȱ ·ȱ ȱ ȱ ·ȱ ȱ ȱ Ȃȱ ¢¸ǯȱ L%(
ȱȱȱ¡ȱȱ¡ȱȂȱ¢¸ǰȱ+(!"*),-2%&9(
+))+3+T&(!"**-(,+(39)"#'-()-3*-&&+#&($-('+&%'I+%3-($-(#"*53-0'-'(-2%4-#!-'(Ȱ()+3(
-2-*),-;( ,-'(-2%4-#!-'($-()-3I"3*+#!-.(N%-#(A0-(!-3&+%#-'(+))3"!1-'($-(!"#!-)&%"#(
$-('7'&Q*-'($%*%#0-#&(,+(!"*),-2%&9(+0(,%-0($-(!"#'-3<-3(,+(I"#!&%"##+,%&9(hK-<-'"#;(
\ddci;(0#(#%<-+0(*%#%*0*($-(!"*),-2%&9;("0(0#-(!"*),-2%&9(-''-#&%-,,-;($-*-03-#&(
3-A0%';(A0%(!3"T&(-#(-''+7+#&($-('+&%'I+%3-(,-'(-2%4-#!-'($0('7'&Q*-.(
K+(!"*),-2%&9(+04*-#&-(94+,-*-#&(+<-!(,+(&+%,,-($-(&"0&('7'&Q*-(#"#(,%#9+%3-.(
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K-'( '7'&Q*-'( !"*),-2-'( )"''Q$-#&( c( !+3+!&93%'&%A0-'( )3%#!%)+,-'( h=1+3+6-$+41%;(
]``bi(f(
Ŷ G%(& (I(*,)%(& ¡ȱ ȱ ȱ ¥ȱ Ȃ(*"#+$+(%-&F& ,+( 3-)39'-#&+&%"#( -#(
ȱȱȂȱ¢¸ȱ¡ȱȱȱȱȱȱ
$-(5"0!,-'('&+5%,%'+&3%!-';(!1+!0#-(+4%''+#&('03(0#(9,9*-#&(),0'()-&%&($0('7'&Q*-(
-#(9A0%,%53-("0( I"#!&%"##+#&(:()3"2%*%&9($0(#%<-+0($9'%39.(?-&&-( !+3+!&93%'&%A0-(
¸ȱȱȱȂȱ¡ȱ ·ȱ¡ȱȱȱ
¡ȱ ȱ Ȃ·ȱ ȱ ȱ ·ȱ ,-03( 9&+&( %#%&%+,(f(
&"0&-'(,-'(5"0!,-'('&+5%,%'+&3%!-'('"#&(!"#m0-'()"03(*+%#&-#%3(0#('7'&Q*-($+#'(0#(
9&+&("3%4%#-,,-*-#&($9&-3*%#9.(
Ŷ !12(&$%(&(I(*,)%(&31)7$%A%(&10*&20&1#J%3*+K&F(0#('7'&Q*-(!"*),-2-(!"#&%-#&($-(
#"*53-0'-'(5"0!,-'('&+5%,%'+&3%!-'(B"0(5"0!,-'(#94+&%<-'ǼǰȱȱȂȱ<%'+#&(:(
*+%#&-#%3(0#(#%<-+0($-()-3I"3*+#!-($9'%39("0(0#(50&.(W#('7'&Q*-(!"*),-2-()-0&(
!"#&-#%3( $-( #"*53-0'-'( 5"0!,-'( -2),"'%<-'( B"0( 5"0!,-'( )"'%&%<-'C( '-3<+#&( :(
+!!3"T&3-( "0( :( $%*%#0-3( !-3&+%#'( )19#"*Q#-'( +0( '-%#( $0( '7'&Q*-.( >+#'( 0#(
¢¸ȱ ¡ȱ ȱ Ȃȱ ;( ,-'( 50&'( )-0<-#&( )+3( -2-*),-(
Ȃ¡ȱȱȱ$-(!3"%''+#!-("0($-('&+5%,%'+&%"#;(&"0&(-#(9&+#&(-2),%!%&-'(-&(
!"##0'( $-'(*-*53-'(ȱ Ȃǯȱ·ǰȱ ȱ)3"!-''0'( )-0<-#&( P&3-(
!"#&3+$%!&"%3-';( +*5%40'( "0( %*),%!%&-';( -&( ,-( '7'&Q*-( -'&( &3%50&+%3-( $-( ,+(
'056-!&%<%&9($-(!1+!0#.(
Ŷ !12*&(I(*,)%&31)7$%A%&%(*&3"7"#$%&Ȃ+(%-&'%(&#123$%(&'%&-=*-1"3*+10&"K+0&'%&
)1'+K+%-&(10&31)71-*%)%0*&F&!-&&-(!+)+!%&9(!39-($-'("))"3&0#%&9'($-(!1+#4-*-#&(
ȱ Ȃ·( +0( '-%#( $0( '7'&Q*-;( '03&"0&( '%( ,+( 39&3"+!&%"#( -'&( -2),%!%&-( -&(
+!!-''%5,-.( D+3( -2-*),-;( ,-( ȱ Ȃ·ȱ Ȃȱ ȱ ȱ
Ȃȱȱ··(Ȃ-,,-( !1-3!1-(:( 3+''-*5,-3( ,-'( %#I"3*+&%"#'(!"#!-3#+#&( ,-'(
¸ȱ ȱȱȱ·ȱȂȱȱ ,+( !"*),-2%&9($-( '-'()3"!9$03-'.(D"03(
&"0&( '7'&Q*-( 9&0$%9;( 0#-( 5"##-( !"*)391-#'%"#( $-( ,+( '&30!&03-( -&( $-'(
I"#!&%"##-*-#&'( $0( '7'&Q*-( 3-#$( ),0'( I+!%,-( ,+( *%'-( -#( êȱ ȱ ȱ
%*)"3&+#&-(!+)+!%&9(+I%#($-(!+&+,7'-3(,-'(!1+#4-*-#&'(%#&-3#-'(+0('7'&Q*-.&
Ŷ L0&(I(*,)%&31)7$%A%&7%2*&)1'+K+%-&(10&%0M+-100%)%0*&F&0#('7'&Q*-(!1-3!1+#&(
:( +&&-%#$3-( '"#( "56-!&%I( -&( '-( *"#&3+#&( !+)+5,-( $-( *"$%I%-3( '"#( )3")3-(
!"*)"3&-*-#&ǰȱ ȱ Ȃȱ ȱ ȱ Ȃ( )0%''-( +%#'%( *"$%I%-3( '"#(
-#<%3"##-*-#&( )"03( +&&-%#$3-( '-'( "56-!&%I'.( Ȃȱ -'( ,%-#'( -#&3-( ,-(
'7'&Q*-( -&( '"#( -#<%3"##-*-#&( 3-<P&( +,"3'( 0#-( %*)"3&+#!-( !30!%+,-.( ?1+A0-(
'7'&Q*-( !"#'&%&0+#&( 0#( 9,9*-#&( Ȃȱ ¢¸ȱ ȱ ǰȱ %,( -'&( )"''%5,-(
Ȃ+#&%!%)-3( $+#'( A0-,,-( *-'03-( -&( '-,"#( A0-,,-'( *"$+,%&9'( ,-'( !1+#4-*-#&'(
%#&3"$0%&'( $+#'( 0#( '7'&Q*-( )-0<-#&( *-#-3( :( $-'( !1+#4-*-#&'( $+#'( '"#(
-#<%3"##-*-#&.&
Ŷ L0&(I(*,)%&31)7$%A%&%(*&3"7"#$%&'%&(%&-=7$+N2%-O&(%&)"+0*%0+-O&(%&-=7"-%-&%*&(%&
-=1-@"0+(%-& 7"-& $2+H)P)%&F& )0%'A0-( ,-'( '7'&Q*-'( !1+#4-#&( -#( 39)"#'-( :( ,-03(
-#<%3"##-*-#&;( *P*-( $-'( "34+#%'+&%"#'( '-*5,+#&( )+3I+%&-*-#&( %$-#&%A0-'(
)"''Q$-#&( )3"5+5,-*-#&( $-'( -2!-#&3%!%&9'( "0( $-'( $%<-34-#!-'.( >-( ),0';( 0#-(
"34+#%'+&%"#( +,&939-( $-( I+m"#( 530&+,-( &3"0<-( &3Q'( '"0<-#&( $-'( <"%-'( +I%#( $-(
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3-!"0<3-3( '-'( I"#!&%"#'( -''-#&%-,,-'( "0( $-( '-( 39"34+#%'-3( )+3( -,,-R*P*-( )"03(
)"03'0%<3-('-'("56-!&%I'()3-*%-3'.&
?-'( )+3&%!0,+3%&9'( *-&&-#&( -#( -2-340-( $Ȃȱ ·ȱ Ȃ·( -&( $-(
I"#!&%"##-*-#&( $-( ,+( )+3&( $-'( '7'&Q*-'( !"*),-2-'.( ?-'( '%#40,+3%&9'( #-( '+03+%-#&(
&"0&-I"%'("!!0,&-3(,-03'(a(I+%5,-''-'()3%#!%)+,-'(h=1+3+6-$+41%;(]``bi(f(
Ŷ $-'("56-!&%I'(!"#I,%!&0-,'(j(
Ŷ ,-($%,-**-(!-#&3+,%'+&%"#(u($9!-#&3+,%'+&%"#(j(
Ŷ $-'(39&3"+!&%"#'(5%+%'9-'(j(
Ŷ ,ȱȱȂ.(
ȱ ȱ ¢¸ȱ ¡ǰȱ ȱ Ȃȱ ȱ ȱ Ȃ( '"0'R'7'&Q*-( )"03'0%<-( $-'(
"56-!&%I'(-#&3+#&($%3-!&-*-#&(-#(!"*)9&%&%"#(+<-!(,-'("56-!&%I'($0('7'&Q*-(4,"5+,.(K-'(
!"#&3+%#&-'( %*)"'9-'()+3(!-&&-(!"*)9&%&%"#(¥ȱȂ·ȱ¹ȱȱ¢&Q*-;(<"%3-(+0(
#%<-+0($-'(39&3"+!&%"#';(Ȃȱ('+#'(!"#'9A0-#!-'.([%#'%;(,-'(5"0!,-'($-(39&3"+!&%"#(
3+''-*5,9-'(:()+3&%3($-'('"0'R¢¸ȱȱȂȱȱ0#('7'&Q*-(),0'(,+34-(
)-0<-#&( P&3-( '"%&( %*)39!%'9*-#&( &3+#'*%'-';( '"%&( %*)39!%'9*-#&( %#&-3)39&9-'.( ?-(
)3"5,Q*-($-(G(!"**0#%!+&%"#(H()-0&(#"&+**-#&('-(I+%3-(3-''-#&%3($+#'( ,-($"*+%#-(
$-( ,+( '9!03%&9( +<-!( $-'( %*)+!&'( ),0'( "0( *"%#'( #9I+'&-'( '03( ,+( )-3I"3*+#!-( Ȃȱ
'7'&Q*-.(
Ȃ( :( )+3&%3( $-( !-'( !+3+!&93%'&%A0-'( -''-#&%-,,-'( $-'( '7'&Q*-'( A0-( ,+( )-#'9-(
¢¸ȱȂȱ··ǯȱ(
1.3. La pensée système 
K+( )-#'9-( G('7'&Q*-(H( +( %#&3"$0%&( $-'( "0&%,';( *+%'( +0''%( 0#( <93%&+5,-( !+$3-( $-(
&3+<+%,()"03( Ȃ¢($-'()3"5,Q*-'($+#'($-'( -#'-*5,-'( !"*),-2-'(j( -,,-( '&30!&03-(
$9'"3*+%'( ,+( )-#'9-( -&( ,+( 39I,-2%"#( $-( #"*53-02( )3"I-''%"##-,';( -&( !"#'&%&0-( 0#(
,+#4+4-( )-3*-&&+#&( $-( !"**0#%A0-3( '03( $-'( !"*),-2%&9'( $7#+*%A0-'( -&(
Ȃ$9)-#$+#!-'(-#&3-(9,9*-#&'("0(-#&%&9'.(
K+( )-#'9-( '7'&Q*-( 3-)"'-( '03( $-02( )3%#!%)+,-'( $7+$-'( !"#!-)&0-,,-'(f( ,-( 5%)Z,-(
9*-34-#!-( u( 1%93+3!1%-(Ȃȱǰ( ,-( 5%)Z,-( !"**0#%!+&%"#( u( !"#&3Z,-(Ȃȱȱ
h?1-!p,+#$;(\dddi.(
Ȃȱ ,-( !"#!-)&( $-( !"*),-2%&9( "34+#%'9-( ȱ ȱ Ȃ¡!%&-3( ,+( #"&%"#( $-(
1%93+3!1%-( ȱ ¡ȱ Ȃ;( !1+!0#( 9&+#&( ),0'( !"*),-2-( A0-( ,-( #%<-+0(
%#I93%-03(j(!1+A0-(#%<-+0(-'&(!+3+!&93%'9()+3($-'()3")3%9&9'(9*-34-#&-'(Ȃ¡ȱȱ
:( 0#( #%<-+0( %#I93%-03.( K+( &19"3%-( $-( ,+( 1%93+3!1%-( -'&( I"#$9-( '03( ,+( $%II93-#!-(
I"#$+*-#&+,-(-#&3-(0#(#%<-+0($-(!"*),-2%&9(-&(0#(+0&3-(j('"#("56-!&%I(-'&($-(I"03#%3(
0#-( $-'!3%)&%"#( $-'( %#&-3+!&%"#'( -#&3-( ,-'( $%II93-#&'( #%<-+02( -&( $-( !"*)3-#$3-( ,+(
I"3*+&%"#($-'(1%93+3!1%-'.(?-&&-(&19"3%-(-'&(!"#'&30%&-('03(,+()3")3%9&9('0%<+#&-(f($-'(
)3")3%9&9'( 9*-34-#&-';( ·ȱ ¥ȱ ȱ ȱ Ȃ··ȱ ¥ȱ ȱ ȱ ȱ
1%93+3!1%A0-;('"#&( ,%9-'(:(0#(!-3&+%#(#"*53-($-(!"#&3+%#&-'('03( ,-'($-439'($-( ,%5-3&9(
$0( '7'&Q*-(j( ,ȱ ··ȱ ·ȱ ·ȱ ȱ Ȃȱ ȱ ȱ ȱ
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ȂȱȱȱȱȱȱȂ·ȱȂȱȱȱȱȱ·ȱ
,-'(,"%'(ȂȱȂȱǯȱȱ%93+3!1%-'('"#&(!+3+!&93%'9-'()+3($-'()3"!-''0'(
$-(!"#&3Z,-(¥ȱȂȱȱȱ¡ȱǽǰȱŗşşşǾǯ(
?-&&-( #"&%"#( $-( !"#&3Z,-( +*Q#-( $%3-!&-*-#&( :( ,+( '-!"#$-( $7+$-( !"#!-)&0-,,-;(
)",+3%'9-( +0&"03( $-( ,+( !"**0#%!+&%"#( -&( $0( !"#&3Z,-.( ?-&&-( 1%93+3!1%-( '7'&9*%A0-(
-#&3+T#-( 0#-( !"**0#%!+&%"#( -#&3-( ,-'( #%<-+02( ȱ Ȃȱ ¥ȱ
Ȃ-#<%3"##-*-#&.( ?-&&-( $7+$-( $-( !"#!-)&'( Ȃȱ ȱ ȱ ȱ ,-(
$9<-,"))-*-#&($-(,+(G(!75-3#9&%A0-(H()+3(J"35-3&(Y%-#-3(A0%(,+($9I%#%&(!"**-(G(,+(
&19"3%-($-( ,+( !"**0#%!+&%"#(-&($0(!"#&3Z,-(+0('-%#($-'(*+!1%#-'(-&($-'(+#%*+02(H(
hY%-#-3;( \daei.( ?-'( &3+<+02( '"#&( #"&+**-#&( :( ,+( '"03!-( $0( !"#!-)&( $-(
G(39&3"+!&%"#(H.(
K-'( #"&%"#'( $-( 1%93+3!1%-( -&( $-( !"#&3Z,-( "#&( )-3*%'( $-( $9I%#%3( ,-( )3%#!%)-( $-(
!"#&3Z,-(1%93+3!1%A0-.(S#(49#93+,;(0#(!"#&3Z,-(1%93+3!1%A0-(3-A0%-3&(,+('+&%'I+!&%"#($-(
&3"%'(!"#$%&%"#'(h?1-!p,+#$;(\dddi(f(
Ŷ ,ȂȱȂȱȱȱÉȱȱȱȱȱ
B+<-!(,-(#%<-+0(%#I93%-03C(j(
Ŷ ,ȂȱȂȱȱȱ¹ȱ;(!v-'&R:RȱȂ(#-($"%&(P&3-(#%(
&3")(3%4%$-(#%(&3")('"0),-(j(
Ŷ -ǰȱ Ȃȱ Ȃȱ ȱ ȱ ȱ %#I,0-3( '03( ,+( $7#+*%A0-( $0(
#%<-+0(%#I93%-03.(
Kȱ ·ȱ ȱ Ȃȱ ¢·ȱ ȱ ·ȱ Ȃ·( $-( A0+&3-(
43+#$-'(!+3+!&93%'&%A0-'($-(,+()-#'9-('7'&Q*-(BI%403-(aC(f((
Ŷ 0#-()-#'9-(1",%'&%A0-(B$-'()"%#&'($-(<0-('&30!&03-,;(I"#!&%"##-,(-&()3"!-''0-,C(j(
Ŷ 0#-( )-#'9-( ")93+&%"##-,,-( B0#-( $7#+*%A0-( $-'( '7'&Q*-'( +02( 5"0!,-'( $-(
39&3"+!&%"#(*0,&%),-';(+)),%!+5,-($+#'($-'('%&0+&%"#'($-(!1+"'(-&($-(!"*),-2%&9C(j(
Ŷ 0#-(+0&"R"34+#%'+&%"#;(+<-!(0#-(9<",0&%"#(<-3'(0#("3$3-()39$9I%#%(B*"$Q,-('"!%"R
!0,&03-,("0('"!%"R&-!1#%A0-C(j(
Ŷ 0#-(!"#!-)&%"#(%#&-3+!&%<-(B3-!"#!-)&%"#($0(I0&03C.(
!
!
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Figure 4 Ŷ Caractéristiques systémiques 
adapté de Gharajedaghi, 2006 
K+()-#'9-('7'&Q*-('-('%#40,+3%'-(+<+#&(&"0&()+3('+(I"!+,%'+&%"#('03(,-(G(&"0&(H.(W#-(
!3"7+#!-(39)+#$0ȱȱȱȂ+))3"!1-(*0,&%$%'!%),%#+%3-(0#-(+))3"!1-('7'&Q*-(Ȱȱȱ
ȂȱȂȱ(f(,+(!+)+!%&9(:('7#&19&%'-3($-'(39'0,&+&'($+#'(0#(-#'-*5,-(!"193-#&(-&(
-#( %#&-3+!&%"#(ȱȱ ȱȱ ȱȱ ȱ ·ȱ ¥ȱ··ȱȱ Ȃ&%"#(:(
)+3&%3($-()-3')-!&%<-'(-&($-($%'!%),%#-'($%II93-#&-'.(
8+,439( ,-03( '0!!Q';( &3"%'( +))3"!1-'( )3-#+#&( -#( !"*)&-( ,-'( '7'&Q*-'( B)-#'9-(
+#+,7&%A0-;( )-#'9-( '7#&19&%A0-( -&( '!%-#!-( $0( !"*)"3&-*-#&C( )-%#-#&( -#!"3-( :(
Ȃ(+<-!(,+(*9&1"$-(1",%'&%A0-(f(
Ŷ ,Ȃ+,7'-( +( !"#'&%&09( Ȃȱ ȱ ȱ )-#'9-( '!%-#&%I%A0-( !,+''%A0-.( K+( *9&1"$-(
ȱȱȱȂȱ'-(39'0*-(:(,+('"**-($-'()+3&%-';($-('"3&-(A0-(
,+( !"*)391-#'%"#( $-( ,+( '&30!&03-( !"#'&%&0-3+%&( 0#-( !"#$%&%"#( #9!-''+%3-( -&(
'0II%'+#&-(¥ȱȂ·ȱȱȂ(j(
Ŷ ,ȱ ¢¸ȱ ȱ ··ȱ ȱ ȱ ȱ ȱ Ȃȱ ǯȱ ȱ
$9I%#%''+#&(0#('7'&Q*-(-#(I"#!&%"#($-('"#(9&+&(I%#+,;(,+('7#&1Q'-(),+!-(,-('06-&($+#'(
0#(!"#&-2&-(),0'(,+34-(A0-(,-('7'&Q*-(+0A0-,(%,(+))+3&%-#&;(-&(9&0$%-(,-'(-IȱȂȱ
)-0&()3"$0%3-('03('"#(-#<%3"##-*-#&(j(
Ŷ ,Ȃ+))3"!1-()3"!-''0-,,-(Ȃȱȱ·ȱȱȱȱ;(
!1-3!1+#&(:(I"3*0,-3(0#-(39)"#'-(#9!-''+%3-()"03(,+(·ȱȂȱ(j(
[%#'%;( Ȃ+))3"!1-( 1",%'&%A0-( $-'( '7'&Q*-'( I"03#%&( 0#-( <%'%"#( 4,"5+,-( Ȃȱ
-#'-*5,-;( &"0&( -#( Ȃ·ȱ ¡( 9,9*-#&'(j( ȱ Ȃȱ ȱ ·( ,-'(
)3"!-''0';(,+('&30!&03-;(,+(I"#!&%"#(-&(,-(!"#&-2&-.(
1.4. Processus, structure, fonction et contexte 
?-)-#$+#&;(!"*)3-#$3-(0#(G(-#'-*5,-(H(-2%4-($-(!"*)3-#$3-(0#-('&30!&03-;(0#-(
I"#!&%"#(-&(0#()3"!-''0'(:(0#(*"*-#&($"##9(h=1+3+6-$+41%;(]``bi.(?-'(&3"%'(#"&%"#'(
3-)39'-#&-#&(,-'(&3"%'(9,9*-#&'(A0%;(+''"!%9'($+#'(0#(-#<%3"##-*-#&($"##9;(I"3*-#&(
0#(&"0&.(
K+('&30!&03-;( ,+(I"#!&%"#(-&(,-()3"!-''0'(-&( ,-(!"#&-2&-()-3*-&&-#&($-($9I%#%3(-&($-(
!"*)3-#$3-(0#(G(-#'-*5,-(H(f(
Ŷ ,+('&30!&03-($9I%#%&(,-'(9,9*-#&'(-&(,-03'(3-,+&%"#'(j(
Ŷ ,+(I"#!&%"#(3-)39'-#&-(,-'(39'0,&+&'("0(,-'(-II-&'()3"$0%&'(j(
Ŷ ,-()3"!-''0'($9I%#%&($-(I+m"#(-2),%!%&-(,+('9A0-#!-($-'(+!&%<%&9'(-&(,+(I+m"#($"#&(,-'(
39'0,&+&'('"#&()3"$0%&'(j(
Ŷ -#I%#;(,-(!"#&-2&-(·ȱȂȱȱȱȱȱ¢¸ȱȱ·ǯ(
[%#'%;( %,( -'&( !"**0#9*-#&( +$*%'( A0-( )"03( !"*)3-#$3-( 0#( '7'&Q*-;( %,( -'&(
#9!-''+%3-( $-( !"*)3-#$3-( '+( '&30!&03-;( $Ȃùȱ ȱ ·ȱ ȱ Ȃ·ȱ ȱ ,+(
'&30!&03-($+#'(,+('!%-#!-(!,+''%A0-.(L-,"#([!p"II;(0#-('&30!&03-($"##9-()-0&()3"$0%3-(
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),0'%-03'( I"#!&%"#'( $+#'( ,-( *P*-( -#<%3"##-*-#&( h[!p"II;( \d_\i.( D+3( -2-*),-;( ,+(
'&30!&03-(Ȃȱǰȱ·ȱȱǰȱȱȱȱȱ··ȱ
ȱ ȱ ·ȱ ȱ Ȃ·ȱ ȱ ȱ ǯȱ >-'( '&30!&03-'(
$%II93-#&-'( )-0<-#&( 94+,-*-#&( )3"$0%3-( 0#-( I"#!&%"#( $"##9-(Ȱȱ )+3( -2-*),-;( ,+(
ȱȱȱȱ¹ȱȱȱ·ȱ¢ȱȱȱȱǰȱȂȱ
"0(,+(<"%&03-(BI%403-(cC.(
(
Figure 5 Ŷ Liens entre la structure et la fonction 
adapté de Gharajedaghi, 2006 
K+( #"&%"#( !,+''%A0-( $-( !+0'+,%&9;( "O( ,+( !+0'-( -'&( ,+( !"#$%&%"#( #9!-''+%3-( -&(
'0II%'+#&-( ¥ȱ Ȃȱ ( '"#( -II-&;( )3"0<-( '"#( %#+$9A0+&%"#( :( -2),%A0-3( !-(
)19#"*Q#-.(S#(-II-&;(,+()3"$0!&%"#($-($%II93-#&-'(I"#!&%"#'()+3(0#-('%*),-('&30!&03-(
$+#'( ,-(*P*-( -#<%3"##-*-#&( )-0&( P&3-( -2),%A09-( )+3( ,+( !"-2%'&-#!-( $-( $%II93-#&'(
)3"!-''0'($+#'(,+(*P*-('&30!&03-;(A0%()3"$0%'-#&($%II93-#&-'(I"#!&%"#'.((
?-)-#$+#&;( ,"3'A0-(),0'%-03'( I"#!&%"#'( -2%'&-#&()"03(0#-( '&30!&03-($"##9-($+#'(
0#( -#<%3"##-*-#&( $"##9( -&( ,"3'A0-( ,-'( )3"!-''0'( +0( '-%#( $-( !-&&-( '&30!&03-(
$-<%-##-#&( !"##0';( +,"3'( '&30!&03-( -&( I"#!&%"#'( )-3*-&&-#&( ,+( !"*)391-#'%"#( $-(
Ȃǯȱ ǰȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ ȱ ȱ Ȃȱ
!"#&-2&-( $"##9'( I"3*-#&( 0#( -#'-*5,-( %#&-3$9)-#$+#&( $-( <+3%+5,-'( !",,-!&%<-'( -&(
-2!,0'%<-'.(
@90#%-';(ȱȱȱ·ȱ Ȃȱȱȱ$0(*"%#'()"''%5,-(
'+(!"*)391-#'%"#;($"#!(!-,,-($0(!"*)"3&-*-#&($0('7'&Q*-.(
K+( )39'-#!-( '%*0,&+#9-( $-( <+3%+5,-'( %#&-3$9)-#$+#&-'( !"#$0%&( :( 0#-( 3-,+&%"#(
!%3!0,+%3-;( "O( !1+A0-( <+3%+5,-( !")3"$0%&( ,-'( +0&3-'( -&( -'&( !")3"$0%&-()+3( ,-'( +0&3-'.(
[II%3*-3( A0-( !-'( <+3%+5,-'( I"3*-#&( ,+( 5+'-( $-*-03-3+%&( &"0&-I"%'( %*)39!%'( $+#'( ,+(
*-'03-("O(ȱȂȱȱȱ¡3('+#'(,+()39'-#!-($-'(+0&3-'(j(-,,-'($"%<-#&(
9<",0-3( +0( *P*-( *"*-#&.( W#-( -33-03( I39A0-#&-( !"#'%'&-( :( #-( )+'( !"#'%$93-3( ,-(
'7'&Q*-( $+#'( '"#( -#'-*5,-.( Ȃȱ ȱ $-*+#$-( +0( !"#&3+%3-(
Ȃ·( !1+A0-( <+3%+5,-( $+#'( '+( 3-,+&%"#( +<-!( ,-'( +0&3-';( $+#'( 0#-(
!"#I%403+&%"#( $"##9-.( D+3( !"#'9A0-#&;( $+#'( 0#-( <%'%"#( '7'&9*%A0-;( !-'(
!+3+!&93%'&%A0-'(-''-#&%-,,-'(!"#&3%50-#&(:(!"*)3-#$3-(Ȃ+!!%$-#&.(
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2. La s\VWpPLTXHGHO¶accident et de O¶pWDWDccidentel 
>ȱ ȱ ȱ ȱ Ȃȱ ¢¸;( %,( -'&( $"#!( )"''%5,-( $-( $9I%#%3(
G(^(z(\(H(!+3+!&93%'&%A0-'(<%'+#&(:($9I%#%3(,-('7'&Q*-.(?-'(G(^(z(\(H(!+3+!&93%'&%A0-'("#&(
)+3(+%,,-03'(,+(!+)+!%&9(:($9!3%3-(0#(+!!%$-#&('7'&9*%A0-.(
W#('7'&Q*-(!"*),-2-(-'&(+<+#&(&"0&(0#('7'&Q*-($7#+*%A0-($"#&(,-(!"*)"3&-*-#&(
!1+#4-( +0( !"03'( $0( &-*)';( +0( #%<-+0( $-'( 9,9*-#&'( "0( $-( ,-03'( %#&-3+!&%"#'.( ?-(
!"*)"3&-*-#&( -'&( ,-( 39'0,&+&( $-( !"#&3Z,-'( +0( '-%#( $0( '7'&Q*-;( '0'!-)&%5,-'(
Ȃ($-(#"0<-,,-'(!"#I%403+&%"#'(-&($-(#"0<-,,-'(!+3+!&93%'&%A0-';(<"%3-(Ȃȱ
$7#+*%A0-()"0<+#&(*-#-3(,-('7'&Q*-(<-3'(0#(9&+&($+#4-3-02;(+,,+#&()+3I"%'(Ȃ¥(
0#(G(9&+&(+!!%$-#&-,(H.(S#(-II-&;( Ȃ·ȱ(·ȱȂȱ¢¸ȱ+II-!&-(
+0''%( 5%-#( ,+( I"#!&%"#;( ,+( '&30!&03-( A0-( ,-'( )3"!-''0'.(o3;( !-'( &3"%'( $%*-#'%"#'( "#&;(
$+#'( 0#( !"#&-2&-( $"##9;( ,+( !+)+!%&9( $-( $9I%#%3( 0#( !"*)"3&-*-#&( -&( $"#!( 0#( 9&+&.(
D"03(0#('7'&Q*-;( %,(-'&($"#!()"''%5,-($-($9I%#%3(0#(G(9&+&(+!!%$-#&-,(ȎȱȂȱ¢¸ȱ
!"**-( G(,-( 39'0,&+&( $-( ,+( *%43+&%"#( $-( '-'( !+3+!&93%'&%A0-'( '7'&9*%A0-'( $+#'( 0#(
!"#&-2&-($"##9('-(&3+$0%'+#&()+3($-'($"**+4-'("0($-'()-3&-'(H.(Ȃ9&+&(+!!%$-#&-,('-(
&3+$0%&( )+3( 0#-( $943+$+&%"#( $-'( )3"!-''0';( $-( ,+( '&30!&03-( -&( $-( ,+( I"#!&%"#.( ?-&&-(
*%43+&%"#( ȱ ¹ȱ ȱ ȱ ·ȱ ȱ ·ȱ ¥ȱ Ȃȱ ȱ ȱ Ȃȱ
¢¸ȱȱȂȱȱ¡-.(K+('9!03%&9(!"#'&%&0-($"#!(0#()19#"*Q#-(
9*-34-#&( $+#'( 0#( '7'&Q*-( $7#+*%A0-( -&( %,( -'&( $%II%!%,-*-#&( !"#!-<+5,-( $-(
!"*)3-#$3-( 0#( +!!%$-#&( '+#'( !"*)3-#$3-( ,-( '7'&Q*-( ,0%R*P*-( -&( '-'( I"#$-*-#&'.(
Ȃȱ$0()+3+43+)1-('0%<+#&(-'&($-()39'-#&-3(,+(#"&%"#($-('9!03%&9(+0(3-4+3$($-(,+(
&19"3%-($-'('7'&Q*-'.(
2.1. Théorie des systèmes et sécurité 
K+( &19"3%-( $-'( '7'&Q*-';( A0%( $+&-( $-'( +##9-'( \d^`R\da`;( -'&( 0#-( 39)"#'-( +02(
ȱ Ȃ¢ȱ ȱ ȱ ¥ȱ Ȃȱ ȱ '7'&Q*-'( !"*),-2-'.(
J"35-3&( Y%-#-3( hY%-#-3;( \debi( +)),%A0+%&( !-&&-( +))3"!1-( $+#'( ,-( $"*+%#-( $-(
Ȃ·ȱ ȱ âȱ ȱ ȱ ȱ ȱ ȱ  ȱ <"#( N-3&+,+#II7(
h<"#(N-3&+,+#II7;(\dbei(,+($9<-,"))+%&($+#'(,-($"*+%#-($-(,+(5%","4%-.(
K-'(*9&1"$-'('!%-#&%I%A0-'(&3+$%&%"##-,,-'($%<%'-#&(,-'('7'&Q*-'(-#('"0'R'7'&Q*-'(
$%'&%#!&'()"0<+#&(P&3-(+#+,7'9'('9)+39*-#&(j(,-'(+')-!&'()17'%A0-'($-'('7'&Q*-'('"#&(
$9!"*)"'9'(-#(9,9*-#&'()17'%A0-'(-&(,-(!"*)"3&-*-#&(-'&('9)+39(-#(9<Q#-*-#&'(+0(
!"03'($0(&-*)'(hK-<-'"#;(]``bi.(W#-(&-,,-($9!"*)"'%&%"#('044Q3-(A0-(!1+A0-('"0'R
¢¸ȱȱȱ³ȱ·ȱȱȱȱ·ȱȂ¢ȱȱȱȱ
!"#&3+$%!&"%3-'( ,"3'A0-( ,-'( 9,9*-#&'( '"#&( +#+,7'9'( '9)+39*-#&.( >+#'( !-( !+$3-;( ,-'(
··ȱ ȱ ȱ ·¸ȱ ȱ ȱ Ȃȱ Ȃȱ ·( #%( %#&-3+!&%"#( #"#(
,%#9+%3-;(-&(,-03(!"*)"3&-*-#&(ȱȱ¹ȱȂȱȱ¢·ȱ*-#&("0(
5%-#( 43"0)9'.( ?-&&-( $-'!3%)&%"#( Ȃ¸ȱ ȱ ȱ ȱ Ȃ-( G('%*),%!%&9(
"34+#%'+&%"##-,,-(H(hY-%#5-34;(\d_ci.(>-(&-,'('7'&Q*-'()-0<-#&(P&3-('9)+39'(-#('"0'R
¢¸ȱ ȱ ȱ ȱ ȱ ȱ ȱ Ȃ¢ȱ ȱ ȱ ȱ ·ȱ ȱ
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Ȃȱȱ··ȱȱȱȱȱ ȱ0<-#&(P&3-(-2+*%#9-'()+3(
)+%3-'.(
ȱ ȱ ¢ȱ ȱ ¢¸ȱ Éȱ ȱ Ȃȱ ȱ G(!"*),-2%&9( #"#(
"34+#%'9-(H( hY-%#5-34;(\d_ci;($"#&( ,+( '&30!&03-( '"0'R6+!-#&-(*+#A0+#&-(+0&"3%'-(0#(
·ǰȱ ȱ ȱ ȱ ȂII%!+!%&9.( ?-'( '7'&Q*-'( !"*),-2-'( "#&( 0#(
!"*)"3&-*-#&( '0II%'+**-#&( 3940,%-3( -&( +,9+&"%3-(ȱ Ȃȱ ȱ ȱ ȱ
,-'(9&0$%-3(ȱȂȱǰ(,+(,"%($-'(43+#$'(#"*53-'(!"#'&%&0+#&(,Ȃȱ
0'0-,,-.(
S#I%#;( 0#( &3"%'%Q*-( &7)-( $-( '7'&Q*-'( +( I+%&( 9*-34-3( ,+( #"&%"#( $-( G(!"*),-2%&9(
"34+#%'9-(H( hY-%#5-34;( \d_ci.( ?-'( '7'&Q*-';( &3")( !"*),-2-'( )"03( 0#-( +#+,7'-(
!"*),Q&-;( '"#&( +0''%( &3")( "34+#%'9'( )"03( +0&"3%'-3( 0#-( +))3"!1-( '&+&%'&%A0-.( K+(
!"*),-2%&9( "34+#%'9-( '-( I"!+,%'-( '03( ,-( '7'&Q*-( )3%'( !"**-( 0#( -#'-*5,-( -&( #"#(
!"**-($-'()+3&%-'('9)+39-'(j(-,,-(!"#'%$Q3-(A0-(,-'()3")3%9&9'($0('7'&Q*-(#-()-0<-#&(
P&3-( &3+%&9-'($-( I+m"#( +))3")3%9-($+#'( ,-03( -#'-*5,-(Ȃ-#( &-#+#&( !"*)&-($-( ,-03'(
+')-!&'( '"!%+02( +0''%( 5%-#( A0-( &-!1#%A0-'.(Ȃȱ ȱ Ȃ¢( $-'( +!!%$-#&'(
)+''-()+3(0#-(+))3"!1-(%#&943+#&(,-'(+')-!&'(Ȃȱȱ1%93+3!1%A0-'(-&(Ȃȱȱ
$7#+*%A0-'($0('7'&Q*-.(
2.1.1. La composante hiérarchique 
K-(!"#!-)&(ȱ·ȱȱ¡ȱȂ"34+#%'+&%"#(ȱȂȱȱ¸ȱ
49#93+,($-'('7'&Q*-'(!"*),-2-'(h?1-!p,+#$;(\ddd(j(K-<-'"#;(]``bi;("O(0#(#%<-+0(-'&(
!+3+!&93%'9( )+3( '-'( 7)&7),.(.-! .;$)5$'($-;( A0%(Ȃ¡ȱ ȱ ¥ȱ ȱ ȱ ·ȱ ȱ
Ȃȱ ȱ ȱ ȱ ¥ȱ ȱ +0&3-( ǯȱ ȱ ǰȱ ȱ ··ȱ Ȃȱ
¢¸ȱȱȱȱ ȱȱȱ·ȱ··ȱȂȱ
'7'&Q*-(h[!p"II;(\d_\i.(
K+('9!03%&9(-'&(!,+%3-*-#&(0#-()3")3%9&9(9*-34-#&-($-'('7'&Q*-'(hK-<-'"#;(]``bi.(
>9&-3*%#-3('%(0#-(%#'&+,,+&%"#(%#$0'&3%-,,-(-'&(+!!-)&+5,-*-#&('t3-(Ȃ¸(%*)"''%5,-(
'03(,+(I"%($0('-0,(-2+*-#($-('+(&07+0&-3%-.(K+('9!03%&9($"%&($"#!(P&3-(),+!9-($+#'(0#(
!"¡ȱ ȱ ȱ ȱ ¹ȱ ··ȱ Ȃ¥ȱ ȱ ȱ ȱ ȱ Ȃȱ ȱ
··ȱȂȱȱȱȂȱǯȱȱȂȱȱȱȱȂȱ
ȱ··ȱȱȂ·+,0-3('+('9!03%&9;(!+3(0#(9,9*-#&()+3I+%&-*-#&('t3($+#'(0#('7'&Q*-(
)-0&(ȱȱȂ¹ȱȱȱǯ(
K+( &19"3%-($-( ,+(1%93+3!1%-( &3+%&-(A0+#&(:(-,,-($-'($%II93-#!-'(-#&3-(0#(#%<-+0($-(
!"*),-2%&9( -&( ,-'( +0&3-'.( S,,-( !1-3!1-()3%#!%)+,-*-#&( :( -2),%A0-3( ,-'( ,%-#'( -#&3-( ,-'(
·ȱ ¡ǰȱ Ȃ&R:R$%3-( !-( A0%( ,-'( 49#Q3-;( ,-'( '9)+3-( "0( 5%-#( ,-'( 3-,%-.( K-'(
··ȱ·ȱ·ȱȱȱȱȂ··ȱ¥ȱȱȱȱȱ
1%93+3!1%-( %#I,0-#&( '03( ,-( $-439( $-( ,%5-3&9( $-( !-'( 9,9*-#&'.( [%#'%;( $9!3%3-( ,-'(
)3")3%9&9'(9*-34-#&-'(39'0,&+#&($ȱȂȱȱȱ3-A0%-3&(0#-(+#+,7'-(:(
0#(#%<-+0('0)93%-03;($%II93-#&($-(!-,0%($9!3%&()"03(,-'(9,9*-#&'.(D,0'%-03'()3")3%9&9'(
)-0<-#&($"#!(+))+3+T&3-(+0('-%#($-'('7'&Q*-'(!"*),-2-'.(
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K+( !"#!-)&%"#( $-( '7'&Q*-'( '"!%"R&-!1#%A0-'( +( )"03( 50&(Ȃ03-3( ,+( )3"$0!&%"#(
&"0&(-#(493+#&(,-(3%'A0-.(K-'($%II93-#&'(#%<-+02('"#&('"0*%'(:($-'(!"#&3Z,-'(+%#'%(A0-(
,-'(+!&%<%&9'($-'(")93+&-03'(%#&-3+4%''+#&(+<-!(,-()3"!-''0'('"0'(!"#&3Z,-.(K-'(I+!&-03'(
$-( #%<-+0( '&3+&94%A0-( %#&-3+4%''-#&( +<-!( ,-( #%<-+0( ")93+&%"##-,.( K-( #%<-+0(
·ȱ Ȃȱ ȱ -'&( '"0*%'( +02( $%II93-#&'( &-2&-'( 394,-*-#&+%3-'( "0( +02(
"34+#%'+&%"#'( )3"I-''%"##-,,-'(ȱ ȱ ȱ Ȃ·.( ?-&&-( "34+#%'+&%"#( )-0&( '-(
ȱ Ȃȱ ȱ ǯ( ?-'( %#I,0-#!-'( $%!&-#&( ,+( ,"%( $-(
!"*)"3&-*-#&($0('7'&Q*-.(
¸ȱ Ȃȱ ¢¸( I"#!&%"##-;( ,-'( $9!%'%"#'( )3%'-'( :( '-'( #%<-+02( '0)93%-03'( '-(
)3")+4-#&( $+#'( ,-'( #%<-+02( %#I93%-03'( BI%403-(bC.( @9&3"+!&%<-*-#&;( ,-'( %#I"3*+&%"#'(
3-,+&%<-'( +02( +!&%"#'( $-'( #%<-+02( %#I93%-03'( )-0<-#&( 3-*"#&-3( ,-( ,"#4( $-( ,+(
1%93+3!1%-.(?-&&-(39&3"+!&%"#(-'&(!30!%+,-()"03(,-(5"#(I"#!&%"##-*-#&($0('7'&Q*-;(!+3(
'%( ,-'( $9!%'%"#'( )3%'-'( :( 0#( #%<-+0( '0)93%-03( #-( '"#&( )+'( &3+#'*%'-'( +02( #%<-+02(
%#I93%-03';( )3"&94-3( ,-( '7'&Q*-( $-( !-3&+%#'( 9&+&'( $+#4-3-02( Ȃ<Q3-( $%II%!%,-.(
M#<-3'-*-#&;( '%( ,-'( %#I"3*+&%"#'( )3"<-#+#&( $0( #%<-+0( G(&+!&%A0-(H( #-( '"#&( )+'(
&3+#'*%'-'( +02( #%<-+02( '0)93%-03';( ,-'( $9!%'%"#'( #-( )"033"#&( )+'( &-#%3( !"*)&-( $-(
Ȃȱȱ ȱ ȱ ȱ ¡ȱ ȱ ¢¸ȱ ȱ ǯȱ( !-(
!+';( ,-( '7'&Q*-( )-0&( $-<-#%3( %#'&+5,-( -&( !"**-#!-3( :( *%43-3( <-3'( 0#( #%<-+0(
¡ȱȱȱȂȱȱȱâȱȱȱ·ȱȂȱȱȱȱ
$-( !"#&3Z,-3.( Ȃȱ ··ȱ ǰ( $+#'( ,-'( '7'&Q*-'( '"!%"R&-!1#%A0-';( ,+(
'9!03%&9(-'&(!"#'%$939-(!"**-(0#-()3")3%9&9(9*-34-#&-.(
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Figure 6 Ŷ Structure du système socio-technique 
adapté de Rasmussen [Rasmussen, 1997] 
>+#'( !-( !+$3-;( ,-'( +&&-%#&-'( :( ,+( '9!03%&9( )3-##-#&( ,-03( "3%4%#-( $+#'( ,+( )-3&-( $-(
âȱ ·ȱ ȱ Ȃȱ ȱ ȱ ·-'( -#&3-( ,-'( #%<-+02( $0(
'7'&Q*-(-&(#"#()+'('-0,-*-#&(-#(3+%'"#($-($9I+%,,+#!-'(:(0#(#%<-+0()39!%'.(?1+A0-(
#%<-+0(6"0-($"#!(0#(3Z,-($+#'(,-(*+%#&%-#($-(,+('9!03%&9;(5%-#(A0-(!-(3Z,-($%IIQ3-(Ȃȱ
ȱ ¥ȱ Ȃǯȱ ȱ ȱ ȱ ;( 0#-( +5'-#!-( $-( 39&3"+!&%"#( -*)P!1-( &"0&-(
+))391-#'%"#(4,"5+,-($0('7'&Q*-(-&(,+()39<-#&%"#($-'(*-#+!-'()-'+#&('03(,+('9!03%&9(
$-<%-#&(*+,+%'9-.(
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2.1.2. La composante dynamique 
K+( '-!"#$-( !"*)"'+#&-( ȱ Ȃ¢ȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ
$7#+*%A0-(j( 0#( '7'&Q*-( '"!%"R&-!1#%A0-( 9<",0-( -#( -II-&( +0( !"03'( $0( &-*)'( -&(
*"$%I%-( '+( '&30!&03-( h@+'*0''-#;( \dd_(j( @+'*0''-#;( ]```i.( ?-&&-( $7#+*%A0-( -'&(
'"0*%'-( :( $%II93-#&-'( %#I,0-#!-'( -2&-3#-';( '0'!-)&%5,-'( $-( )"0''-3( ,-'( 9,9*-#&'( $0(
'7'&Q*-(:(*"$%I%-3(,-03(!"*)"3&-*-#&(Ȱȱȱȱ)+3(-2-*),-(,-'(")93+&-03'(:(
&3+<+%,,-3(+02(,%*%&-'($0('7'&Q*-(-&()+3I"%'(:(Ȃ·ȱȱ·ȱȱ·ȱ
+02($-*+#$-'(-&(+02(-2%4-#!-'($-(),0'(43+#$-()-3I"3*+#!-.(?-&(9!+3&($-()3"!9$03-(
)3"<"A0-( ,+($943+$+&%"#()3"43-''%<-($-'($9I-#'-'.(D,0'()-3#%!%-02(f( !-&&-($9<%+&%"#(
Ȃ¸ȱ¹('.%$--+,)$()"03(3-*),%3(!-3&+%#-'(&U!1-'(+0(3-4+3$($0('&3-''('05%(+0('-%#(
$0('7'&Q*-.(E"0&-I"%';($-(&-,'(·ȱȱ¸ȱȱ¢·ȱ¥ȱȂǯȱw(
!1+A0-( #%<-+0( $-( ,+( 1%93+3!1%-;( ,-'( ")93+&-03'( &3+<+%,,-#&( $+#'( 0#( '"0!%( $-(
)-3I"3*+#!-(*+%'(Ȃ()+'(I"3!9*-#&(!"##+%''+#!-($-'($9!%'%"#'()3%'-'(+02(+0&3-'(
#%<-+02( $-( ,+( 1%93+3!1%-.( o3;( Ȃȱ ··ȱ Ȃȱ -'( $9!%'%"#'( A0%(
*Q#-( ȱ¢¸ȱ¥ȱ Ȃȱ ǽǰȱŗşşŝǾǯȱǰȱ ȱ·ȱ ȱȱ
ȱ ȱ ȱ ¡ȱ ȱ ȱ ȱ ··ȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ
!"#I%#-#&( +02( I3"#&%Q3-'( ȱ ¢¸ǯȱ Ȃȱ ǰȱ $+#'( ,-'( '7'&Q*-'( '"!%"R
&-!1#%A0-';( ,-'( +!!%$-#&'( $9!"0,-#&( $-( ,+( ȱ Ȃȱ ·ȱ
'7'&9*+&%A0-($0(&3+<+%,(-&(Ȃȱ·¸ȱ··ȱȱ·ȱȱȱ··ȱȱ
Ȃȱ ȱ ȱ ȱ ȱ ( -&( A0%( *Q#-( ,-( '7'&Q*-( <-3'( 0#( 9&+&(
+!!%$-#&-,.(
2.2. /¶pWDWDccidentel 
K+(ȱȂG(9&+&(+!!%$-#&-,(H(-'&($%3-!&-*-#&(%''0-($-(,+(&19"3%-($-'('7'&Q*-'(-&(
$-( ,+($7#+*%A0-($-'( '7'&Q*-'.(W#(9&+&( +!!%$-#&-,]( -'&( !"#'%$939( !"**-( ,-( 39'0,&+&(
Ȃ0#()19#"*Q#-(+!!%$-#&-,('-(&3+$0%'+#&()+3(0#-(#"0<-,,-(!"#I%403+&%"#('7'&9*%A0-(
!+3+!&93%'9-()+3(0#-(&3+#'%&%"#($-()1+'-($-('-'()3"!-''0';($-('+('&30!&03-(-&u"0($-('+(
I"#!&%"#;( $+#'( 0#( !"#&-2&-( $"##9( '-( &3+$0%'+#&( )+3( 0#-( $943+$+&%"#( $0( '7'&Q*-.(
ȱ ȱ ȱ Ȃȱ 9&+&( +!!%$-#&-,;( ,-( '7'&Q*-( -'&( $+#'( 0#( 9&+&( -2!%&9( $t( :( $-'(
)-3&035+&%"#'( %#&93%-03-'( -&u"0( -2&93%-03-'.( Ȃ^( -'&( $"#!( 0#( )19#"*Q#-(
$7#+*%A0-( ·ȱ ȱ ȱ Ȃȱ ¢¸( -&( '-( !+3+!&93%'+#&( )+3( $-'( 39)"#'-'(
B39&3"+!&%"#'C( %#+$9A0+&-'( I+!-( :( 0#-( )-3&035+&%"#( &"0!1+#&( Ȃ9A0%,%53-( "'!%,,+&"%3-(
Ȃȱ ¢¸;( )"0<+#&(*-#-3( :($-'($"**+4-'( -&u"0( :($-'()-3&-'.(?-&&-( &3+#'%&%"#(
B$943+$+&%"#C()-0&(&"0!1-3(%#$9)-#$+**-#&(,-'()3"!-''0';(,+('&30!&03-(-&(,+(I"#!&%"#(
$0('7'&Q*-(&"0&(-#(+7+#&($-'(!"#'9A0-#!-'('03(!-'(&3"%'(!+3+!&93%'&%A0-'(-#(3+%'"#($-(
,-03( %#&-3$9)-#$+#!-( -&( $-( ,-03'( %#&-3+!&%"#'.( Ȃ-'&( )"03A0"%;( $+#'( 0#( !"#&-2&-(
(((((((((((((((((((((((((((((((((((((((((((((((((
](K-(!"#!-)&($-(G(!3%'-(H()"033+%&(94+,-*-#&(P&3-($9I%#%(!"**-(0#(9&+&(+!!%$-#&-,.(
^(ȱȱȱ¹ȱ··ȱȱȱȂȱȱȱǰȱȱȱȱ·ȱȱȱ
-&($-()-3&-'.(
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$"##9;(,+($943+$+&%ȱȂȱȱ+(ȱ·ȱȱȂȱȱ¢¸ȱ
-&(+II-!&-(+0''%(5%-#('+('&30!&03-(A0-('+(I"#!&%"#.(
K-'('7'&Q*-'('"!%"R&-!1#%A0-'('"#&(&"06"03'($7#+*%A0-'(-&(#"#(,%#9+%3-'(j($+#'(0#(
'"0!%($-(!,+3&9;( %,('-*5,-(&"0&-I"%'(),0'('%*),-(Ȃ%,,0'&3-3( ,+(ȱȂ·ȱ(
-#(+$")&+#&(0#-($9*+3!1-(%#&943+5,-.(
?"**-('"0,%4#9(··ǰȱȱȱȂȱ¢¸ǰȱȱǰȱȱȱ
-&( ,+( I"#!&%"#( '"#&( ,%9'( BI%403-(_C.( [%#'%;( $+#'( ,-'( )3"!-''0'( '7'&9*%A0-';( &"0&(
!1+#4-*-#&( Ȱȱ )+3( -2-*),-( 0#-( +!&%"#( $-( !"#&3Z,-( %#+$9A0+&-Ȱ;( %#$0%&( 0#-(
*"$%I%!+&%"#( $-( ,+( '&30!&03-( $0( '7'&Q*-( BI%403-(_+C( -&( $"#!( $-( '"#( !"*)"3&-*-#&.(
?-&&-(*"$%I%!+&%"#( $-( !"*)"3&-*-#&( +,&Q3-(ȱ Ȃȱ¹ȱ ȱ ¢¸ȱ ȱ ȱ
I"#!&%"#( ȱ ȱ ·ȱ Ȃȱ "03#%-( :( &-*)'( )+3( ,-( '7'&Q*-( BI%403-( _5C.( >!
%&'()+),&;(&"0&-(<+3%+&%"#(B$-(,+()-3I"3*+#!-C($+#'(,+(I"#!&%"#(3-&-#&%&('03(,+('&30!&03-(
-&( '03( ,+( 1%93+3!1%-( $0( '7'&Q*-;( '-( &3+$0%'+#&( )+3( 0#-(*"$%I%!+&%"#( $-'( +!&%"#'( $-(
!"#&3Z,-( -&( $"#!( )+3( 0#-( <+3%+&%"#( B$-( ,+( )-3I"3*+#!-C( $+#'( ,-'( )3"!-''0'.( E"0&-(
)-3&035+&%"#($0('7'&Q*-()3"<"A0-($"#!(0#(-II-&("'!%,,+&"%3-('03(,-('7'&Q*-(+7+#&($-'(
!"#'9A0-#!-'( $%<-3'-'.( [%#'%;( $-'( )-3&035+&%"#'( $-( )-&%&-( +*),%&0$-( Ȃȱ Ȃȱ
%*)+!&( ,%*%&9( -&( %#$0%'-#&( 0#-( 39)"#'-( ,%#9+%3-( $-( I+%5,-( +*),%&0$-( $-( ,+( )+3&( $0(
'7'&Q*-.(
(
Figure 7 Ŷ 'pSHQGDQFHOLQpDLUHVDQVUpSRQVHGHVFDUDFWpULVWLTXHVG¶XQV\VWqPH, basée sur la 
dégradation des processus. 
M,( -'&( +%#'%( )"''%5,-( $-( 3-)39'-#&-3( !-'( <+3%+&%"#'( +0''%( 5%-#( $+#'( 0#-( <%'%"#(
)3"!-''0-,,-;(+0''%(5%-#(A0-('&30!&03-,,-("0(I"#!&%"##-,,-.(
L%(ȱ·ȱȱȱâȱȂȱ+))"3&9($-(,+()+3&($0(#%<-+0('0)93%-03(
:(0#(#%<-+0(-#(!"03'($-($943+$+&%"#;(,-('7'&Q*-(*%43-(<-3'(0#(9&+&($+#4-3-02;(<"%3-(
<-3'('+($9'%#&943+&%"#.(?-&&-(39)"#'-($"%&(#"&+**-#&('-(&3+$0%3-()+3(0#-(+!&%"#($-(
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!"#&3Z,-($0(#%<-+0('0)93%-03('03(,-(#%<-+0(!"#!-3#9(-#(39)"#'-(+02(%#I"3*+&%"#'(A0%(
'"#&(&3+#'*%'-'()+3(,-'(#%<-+02(%#I93%-03'.(
?-( )19#"*Q#-( -'&( '0'!-)&%5,-( $-( '-( )3")+4-3( <-3'( ,-( #%<-+0( ,-( ),0'( 9,-<9( $0(
'7'&Q*-;(ȱȱȱȱȂ($0('7'&Q*-(<-3'(0#(9&+&($+#4-3-02(
ȰȱȂȱȱȂ··(!"*),Q&-($0('7'&Q*-(A0%(-'&(-#(6-0.(
S#( )"03'0%<+#&( #"&3-( 3+%'"##-*-#&( ,%#9+%3-( )+3( '"0!%( $-( '%*),%!%&9ǰȱ Ȃ·ȱ
ȱ Ȃȱ ¢¸ȱ ·#$( $"#!( $%3-!&-*-#&( $-( ,+( $943+$+&%"#( $-( !-( *P*-(
'7'&Q*-($+#'(0#(!"#&-2&-($"##9.(
(
(
Figure 8 Ŷ 5HSUpVHQWDWLRQOLQpDLUHVDQVUpSRQVHGHO¶pWDWDFFLGHQWHOGXV\VWqPHHQIRQFWLRQ
de sa dégradation. 
M,(-'&($"#!()"'ȱȱ·ȱȱ¢ȱȂ·ȱ!!%$-#&-,(-#(I"#!&%"#($0()3"!-''0'(
$-(*%43+&%"#(f(
Ŷ ȱȱȱȱȱȱȱȱȱȂȱȱȱ¢¸ȱ
<-3'(0#(9&+&($+#4-3-02;(!-&(9&+&(-'&(A0+,%I%9(Ȃ(G(9&+&(+!!%$-#&-,()+3(,-'()3"!-''0'(H(
"0($-(G(*%43+&%"#()+3(,-'()3"!-''0'(H(j(
Ŷ -#(!+'($-(*%43+&%"#($0-(:(0#-(*"$%I%!+&%"#(+0(#%<-+0($-(,+('&30!&03-;(!-&(9&+&(-'&(
·ȱȂ(G(9&+&(+!!%$-#&-,('&30!&03-,(H("0($-(G(*%43+&%"#('&30!&03-,,-(H(j(
Ŷ -#I%#;( 0#-( *%43+&%"#( $0-( :( 0#( !1+#4-*-#&( +0( #%<-+0( $-( ,+( I"#!&%"#( $9I%#%&(
Ȃ(G(9&+&(+!!%$-#&-,(I"#!&%"##-,(H("0(G(*%43+&%"#(I"#!&%"##-,,-(H.((
>+#ȱ ȱǰȱ Ȃȱ·ȱȂȱ·;( ,+(*%43+&%"#($-'()3"!-''0'(
-'&( &-,,-(A0-( ,-('7'&Q*-(-#&3-($+#'(0#(9&+&(+!!%$-#&-,;( !"#$0%'+#&( %#9,0!&+5,-*-#&(:(
ȱȱȱ¢¸ȱȱȱǯȱȂȱȱȱȱȱȱ
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-&( $-( ,+( ȱ ȱ Ȃ·ȱ ¡ȱ ȱ Ȃ·ȱ ȱ ȱ ȱ ȱ ¥ȱ ȱ
$-'&30!&%"#(!"*),Q&-($0('7'&Q*-.(?-&&-(9<",0&%"#;('!19*+&%'9-($+#'(,+(I%403-(d;()-0&(
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$+#'(0#(9&+&($-(39&+5,%''-*-#&(+<+#&($-(3-&3"0<-3(0#(9&+&($-(3-)"'.(?-'()-3&035+&%"#'(
)-0<-#&('-()3")+4-3(&"0&(+0(,"#4($-(,+(!1+T#-(1%93+3!1%A0-;(Ȃȱ##-#&($-(
,+(5+'-;($0('"**-&;(ȱȂ·ȱȱȱȂ¡·ȱȱ¢¸ǯ(
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Figure 9 Ŷ 5HSUpVHQWDWLRQOLQpDLUHGHO¶pWDWDFFLGHQWHOGjODPLJUDWLRQSDUOHVSURFHVVXVG¶XQ
système complexe dans un contexte donné 
K+(I%403-(d(*"#&3-;(-#&3-(+0&3-';(,+()3%'-(-#(!"*)&-($-'($9,+%'($-($943+$+&%"#($+#'(
!-&&-(3-)39'-#&+&%"#(,%#9+%3-('%*),%I%!+&3%!-.(?-'($9,+%'($-($943+$+&%"#(Ȱȱ-&($"#!($-(
ȱȱ¢¸ȱȱȂ·ȱ¡ȱȰȱ*-&&-#&(ȱ¡ȱȂ·ȱ··ȱȱ
,+('&30!&03-()0%'($-(,+(I"#!&%"#($+#'(!-&(9&+&($+#4-3-02;(ȱȱȂ·ȱ.(
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4-'&%"#( $-'( +!&%"#'( $-( !"#&3Z,-( +0( #%<-+0( $-'( )3"!-''0';( $-( ,+( '&30!&03-( -&( $-( ,+(
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Ȃ¢ȱ c.( ?-&&-( $9*+3!1-( $-( !"*)391-#'%"#( '&30!&03-,,-( )+''-( )+3( ,+(
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!"*)391-#'%"#( $-'( 3-,+&%"#'( ȱ ȱ ··ȱ Ȃȱ ¢¸ȱ ¡ǯ( D+3(
·ǰȱȱ¢¸ȱȂȱȱȱ'-,"#(0#-(!"#!-)&%"#('&+&%A0-;(*+%'(!"**-(0#(
ȱ ¢ȱ ȱ ȱ ȱ ȱ Ȃȱ ȱ ȱ ȱ
39)"#$3-(+02(!1+#4-*-#&'(%#&-3#-'(-&(-2&-3#-'.(
Kȱ¸ȱ Ȃ( '7'&9*%A0-'( "#&( )"03( "56-!&%I( $-( !"#'%$93-3( ,-( !+3+!&Q3-(
$7#+*%A0-( #"#( ,%#9+%3-( Ȃȱ ¢¸ȱ ȱ ,+( ȱ Ȃȱ ȱ ȱ
!"#&3+%#&-'( <-3'( 0#( 9&+&( $+#4-3-02( <"%3-( +!!%$-#&-,.( K+( )3"+!&%<%&9( $-( !-'(*"$Q,-'(
Ȃȱ -#( *+&%Q3-( $-( )39<-#&%"#( $-'( 3%'A0-'( )-3*-&( Ȃȱ ȱ ¸ȱ
ȱȱ³ȱȱȱ¢¸ȱâȱȂȱȱȂȱȱȱ¸ȱ
')9!%I%A0-'(+''"!%9'( :($-'( -33-03'( %'",9-';( !"#'%$939-'(1"3'($0( !"#&-2&-($+#'( ,-A0-,(
-,,-'("#&(9&9(-II-!&09-'.(?-(&7)-($-(*"$Q,-()3-#$(·ȱȱ·ȱȂ+')-!&(
$7#+*%A0-( -#( *"$9,%'+#&( !-&&-( *%43+&%"#( +0( '-%#( $-'( "34+#%'+&%"#'( '05%''+#&(
!-3&+%#-'( )3-''%"#'( 4,"5+,-'( -&( -#<%3"##-*-#&+,-'.( @+'*0''-#( )39!%'-( A0-( ,+(
ȱȱ Ȃȱȱ ȱȱȱȱ¡ȱ·ȱȱȱȱ
3+%'"#($-(!1+#4-*-#&'()3"43-''%I'($+#'( ,+()3+&%A0-( h@+'*0''-#;( \dd_(j(@+'*0''-#;(
]```iǯȱȱȱȱȱȱ·ȱ·ȱȱ¢¸ȱȂȱȱ·ȱ
:(0#-(+$+)&+&%"#(I+!-(:(,+('%&0+&%"#(-#(+04*-#&+#&()+3(-2-*),-(,+()3"$0!&%"#.(
Ȃȱȍ($7#+*%A0-(Ȏȱȱ¢¸ǰȱ¸ȱ Ȃȱȍ(1%93+3!1%A0-(H;(!"#'&%&0-(,+(
ȱ ȱ ȱ ¸ȱ Ȃȱ ¢·ȱ ǽǰȱ ŗşşŚ(j(
@+'*0''-#;(\dd_(j(@+'*0''-#;(]```(j(@+'*0''-#;(]``]i.(K+($7#+*%A0-($-'('7'&Q*-'(
+( A0+#&( :( -,,-( 9&9( $9<-,"))9-( )+3( /+7( r"33-'&-3( :( )+3&%3( $-( ,+( I%#( $-'( +##9-'( \da`(
)+3+,,Q,-*-#&(:( Ȃ·($-( ,+( '9!03%&9($-'( '7'&Q*-'( hr"33-'&-3;( \db\(j(r"33-'&-3;(
\dbd(j(r"33-'&-3;( \d_](j(r"33-'&-3;( \d_^i.(K-'( &3+<+02($-(r"33-'&-3(-#($7#+*%A0-($-'(
'7'&Q*-';( +)),%A09'( :( $-'( '7'&Q*-'( 9!"#"*%A0-';( ȱ Ȃȱ !"*),9&9'( )+3(
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!-02( A0-( >"#-,,+( 8-+$"l'( +( $9<-,"))9'( !-'( &3-#&-( $-3#%Q3-'( +##9-'( '03( ,-'(
'%&0+&%"#'( 9!"#"*%A0-;( -#<%3"##-*-#&+,-( -&( $9*"43+)1%A0-(*"#$%+,-'( h8-+$"l';(
\d_](j(8-+$"l';( \dd](j(8-+$"l';( ]``ai.( L%4#+,"#'( 94+,-*-#&( ,-'( &3+<+02( $-( D-&-3(
L-#4-( hL-#4-;( ]``bi;( )3"I-''-03( +0( 8+''+!10''-&'( M#'&%&0&-( "I( E-!1#","47;( '03( ,+(
·ȱ ȱ Ȃ¢ȱ ¢·ȱȱ ȱ ȱȂȱ ( )3-#+#&(
-#(!"#'%$93+&%"#(,-03($7#+*%A0-(ȱȱȱȱȱȱȂ·ȱȱ
!1+#4-*-#&.(
E"0&('7'&Q*-(!"*),-2-()"''Q$-(0#-($7#+*%A0-()3")3-;($0-(:('"#(9<",0&%"#(-&(:(
Ȃ·ȱ ȱ 3-,%-3( '-'( 9,9*-#&'.( ?-&&-( $7#+*%A0-( -'&( '"0*%'-( +0( 6-0( $-'(
$%II93-#&'( 9,9*-#&';( '-,"#( !-3&+%#-'( 3Q4,-'( -&( !-3&+%#'( )3%#!%)-'( )-3*-&&+#&( 0#(
âȱȱȂ·&($0('7'&Q*-(+0(!"03'($0(&-*)'.(
K-($9I%(!"#'%'&-;(-#(*+&%Q3-($-('9!03%&9($-'('7'&Q*-';(:( &"06"03'(4+3$-3(¥ȱ Ȃȱ
ȱ ȱ ¢¸ȱ ¡ȱ ȱ ¢ȱ ȱ ȱ Ȃ·ȱ ȱ ·ȱ ¢ȱ
Ȃȱ ¢¸ȱȱȱȱ ·ȱȂ·ȱ¢(Ȱ( Ȃ¡ȱ Ȃȱ ·ȱ
'&+5,-($7#+*%A0-( 9&+#&(5%-#( 't3(0&")%A0-( !+3(0#( '7'&Q*-($7#+*%A0-(#-( '-( &3"0<-(
6+*+%'(&3Q'(,"#4&-*)'($+#'(0#(9&+&('&+5,-(F(
ȱâȱȂ¸(+0(#%<-+0($-'( %#&-3+!&%"#'(-#&3-( ,-'(9,9*-#&'(-&( ,-'($%II93-#&'(
!"#&3Z,-03'(-&(#%<-+02(1%93+3!1%A0-'($0('7'&Q*-.(K-'(3Q4,-'($-(,+(&19"3%-($0(!"#&3Z,-;(
$9!3%&-'($+#'( ,-( !1+)%&3-(^;()-3*-&&-#&($-(!"*)3-#$3-( ,-'( %#I,0-#!-'()"&-#&%-,,-'(-&(
Ȃ·(,-'(6-02($-()"0<"%3(¥ȱȂêȱȱȱ··ȱȂȱ¢¸.(
Ȃ·( $-'( +')-!&'( !"4#%&%I';( *+%'( +0''%( 1%93+3!1%A0-'( -&( $7#+*%A0-'( $-'(
'7'&Q*-'( ȱȱȱȱ ȱ ¡ȱȂ(V",,#+4-,(ǰȱ¥ȱȱȂ(
+))3"!1-( !"4#%&%<-;( $9<-,"))-( ,+( #"&%"#( $-( $943+$+&%"#( $-( ,+( )-3I"3*+#!-( Ȃȱ
'7'&Q*-;( ȱ ¥ȱ Ȃ;( +%#'%( A0-( $+#'( ,-'( &3+<+02( $-( /-#'( @+'*0''-#(
)39'-#&+#&( 0#( !+$3-( '"!%"R&-!1#%A0-( 1%93+3!1%A0-( h@+'*0''-#;( \dd_i( -&( $+#'( ,-(
*"$Q,-( LE[8D( B9:-($;-<=0$&)$(,%! >%%,1$'(!?&1$2! +'1! @)&%$--$-C( $-( J+#!7( K-<-'"#(
hK-<-'"#;(]``ai.(K-(*"$Q,-(LE[8D;(A0%('-(I"#$-('03(,+(&19"3%-($-'('7'&Q*-'(-&('03(,+(
&19"3%-($0(!"#&3Z,-;(ȱȂȱȱȱ^.(
3.1. L¶DSSURFKH G¶Hollnagel 
Ȃȱ¢·ȱȱȱȱȱȱ·ȱ$-(#"0<-,,-'(+))3"!1-'(
$-( *"$9,%'+&%"#( $-'( +!!%$-#&'( +$")&+#&( 0#-( <%'%"#( '7'&9*%A0-( A0%( +))391-#$-( ,+(
)-3I"3*+#!-(Ȃȱ¢¸ȱȱȱǯ(K-'()3"43Q'(&-!1#%A0-'('"0&-#0'(")939'(
$-)0%'(A0-,A0-'($9!-##%-'("#&()3"I"#$9*-#&(*"$%I%9(,+(#+&03-($0(&3+<+%,(10*+%#;(-&(
,-'(&U!1-'(1%-3(*+#0-,,-'(ȱȂȱ+!&%<%&9'(%#&-#'%<-'(-&(&U!1-'(!"4#%&%<-'.(
K-'(+))3"!1-'(!-#&39-'('03(,-'(&-!1#","4%-'("#&(ȱ¥ȱȂ·($-()3"5,Q*-'(
')9!%I%A0-'( -#( *+&%Q3-( $-( )-3I"3*+#!-( ")93+&%"##-,,-( -&( $-( #"0<-+02( &7)-'( $-(
$9I+%,,+#!-'( $+#'( ,-'( '7'&Q*-'( 1"**-R*+!1%#-.( ?-'( 5"0,-<-3'-*-#&'( "#&( -0( )"03(
!"#'9A0-#!-'( $-( #"*53-0'-'( !+&+'&3")1-'( $+#'( ,-'( $"*+%#-'( ȱ Ȃ;( $0(
#0!,9+%3-("0($-(,+($9I-#'-(hD+3+'03+*+#;(\dd_i.(
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S#(\deřǰȱȂȱȱȂ%#49#%-3%-(!"4#%&%<-(hV",,#+4-,;(Y""$';(\de^i(I"03#%&(0#(
!+$3-(%##"<+#&($-(*"$9,%'+&%"#($0(!"*)"3&-*-#&($-'('7'&Q*-'(1"**-R*+!1%#-(-#(
!"#&-2&-( ")93+&%"##-,.( Ȃ·ȱ ȱ )39!%'-( Ȃȱ Ȃȱ ȱ ''%5,-( $-(
!"*)3-#$3-( !-(A0%( !-()+''-(A0+#$( ,-'( !1"'-'(<"#&(*+,( '+#'( !"*)3-#$3-( !-(A0%( '-(
ȱ Ȃȱ ȱ ȱ ǽ
ǰȱ ǰȱ ŘŖŖśǾǯ( V",,#+4-,( -&( Y""$'(
%#&3"$0%'-#&( 0#( #"0<-+0( )+3+$%4*-( )3%<%,94%+#&( ,-( !"#!-)&( !-#&3+,( $-( G('7'&Q*-(
!"4#%&%I( !"#6"%#&(H;( "O( Ȃȱ ȱ ȱ ( I"#!&%"##-#&( )+3+,,Q,-*-#&( -&(
+5+#$"##+#&(ȂȱI"#$9-('03(Ȃȱ1"**-u*+!1%#-.(
¡ȱ ¸ȱ Ȃȱ ¢·';( $-'&%#9'( :( ,+( '9!03%&9( -&( :( Ȃ¢ȱ ȱ
+!!%$-#&';( "#&( 9&9( ··ȱ ¥ȱ ȱ ȱ ȱ ȱ Ȃ·ȱ ȱ ¢¸ȱ
!"4#%&%I'(f(
Ŷ ,+( *9&1"$-( ?@S[8( BH&5',(,C$! K$2,+3,2,(:! +'1! L))&)! >'+2:-,-! ?$(0&1C( )-3*-&;( :(
)+3&%3( $-( ,+( *"$9,%'+&%"#( $-'( +')-!&'( !"4#%&%I'( $-( ,+( )-3I"3*+#!-( 10*+%#-;(
Ȃ·ȱ ȱ ·ȱ ȱ ȱ ȱ ȱ ȱ ··ȱ Ȃȱ ¢¸ȱ
hV",,#+4-,;( \ddei.( >-02( <+3%+#&-'( $-( !-&&-( *9&1"$-( -2%'&-#&( hV",,#+4-,;( ]``bi(f(
>@S[8(BM),C$)!K$2,+3,2,(:!+'1!L))&)!>'+2:-,-!?$(0&1ǼǰȱȱȂ¢ȱȱȱ
$-( &3+I%!;( -&(N@S[8(BN),15$!K$2,+3,2,(:! +'1!L))&)!>'+2:-,-!?$(0&1Oǰȱ ȱ Ȃ¢ȱ
$-'(+!!%$-#&'(*+3%&%*-'(j(
Ŷ ,+(*9&1"$-(r@[8(BP*'%(,&'+2!K$-&'+'%$!>%%,1$'(!?&1$2C(ȱȱ¸ȱȂȱ
A0+,%&+&%I($9!3%<+#&(,-'(*"$+,%&9'('-,"#(,-'A0-,,-'(ȱȱȱ··ȱȂ(
'7'&Q*-()-0<-#&(-#&3-3(-#(39'"#+#!-(-&(!39-3($-'($+#4-3'()"0<+#&(*-#-3(:(0#-(
)-3&-( $-( !"#&3Z,-;( $"#!( :( 0#( +!!%$-#&( hV",,#+4-,;( ]``ai.( r@[8(-'&( 5+'9-( '03( ,+(
#"&%"#( $-( <+3%+5%,%&9( $-( ,+( )-3I"3*+#!-;( ,+( <+3%+5%,%&9( %#&-3#-( "0( -2&-3#-( 9&+#&(
#"3*+,-()0%'ȱȱȱȂ;($+#'(,-'('7'&Q*-'('"!%"R&-!1#%A0-';(6+*+%'(
'&+5,-.(
3.2. /¶DSSURFKHGH Rasmussen 
K-(!+$3-('"!%"R&-!1#%A0-($-(/-#'(@+'*0''-#(-'&(!+3+!&93%'9()+3($-02(!"*)"'+#&-'(
)-3*-&&+#&($-(39)"#$3-(+0($9<-,"))-*-#&($-'('7'&Q*-'('"!%"R&-!1#%A0-';(4939'()+3(
$-'( "34+#%'+&%"#'( ")93+#&( $+#'( $-'( -#<%3"##-*-#&'( -2&3P*-*-#&( <",+&%,'( -&(
¢ȱȱȱȂ·ȱȱ·ǰȱȱȱ·ȱȱ;(
,+(394,-*-#&+&%"#("0( Ȃȱȱ ȱȱȱȱȱȱ ȱ··ȱ
h@+'*0''-#;(\dd_i.(@+'*0''-#('"0,%4#-(A0-(!-'(!"#$%&%"#'("#&(*"$%I%9( ,-(!+3+!&Q3-(
$7#+*%A0-($-(,+('"!%9&9(*"$-3#-(-&(%#I,0-#!-#&($-(I+m"#(!"#&%#0-(,-'()3"!9$03-'($-(
&3+<+%,(-&(,-(!"*)"3&-*-#&(10*+%#(,"3'($-(Ȃ¡ȱȱ¢¸ȱ¡ǯ(
Ȃȱ ¢·ȱ ȱ ¥( @+'*0''-#( $-( *"$9,%'-3( ,-'( '&30!&03-'(
")93+&%"##-,,-';($-(*+#+4-*-#&(-&("34+#%'+&%"##-,,-'('0'!-)&%5,-'($-(!39-3(0#(!+$3-(
+!!%$-#&-,.(?-(!+$3-(!"*)3-#$($-02(!"*)"'+#&-'(f(,+()3-*%Q3-(-'&(0#-(1%93+3!1%-($-(
,+('&30!&03-(j(,+('-!"#$-()3-#$(-#(!"#'%$93+&%"#(,+($7#+*%A0-($0('7'&Q*-(:(*-'03-(
Ȃȱ%43-(<-3'('+(,%*%&-($-('9!03%&9.(
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3.2.1. La structure hiérarchique 
D"03(@+'*0''-#;( ,+(4-'&%"#($-'( 3%'A0-'(-'&(0#()3"5,Q*-($-(!"#&3Z,-($0('7'&Q*-(
'"!%"RȱȱȱȱǰȱȱȱȱȂȱȱȱ
ȱȂȱ#-#ȱȱȱȂȱȱȱâ($-'()3"!-''0'.(
>+#'( ,-( I"#!&%"##-*-#&( G(#"3*+,(H( Ȃȱ ¢¸ǰȱ ȱ ·ȱ ȱ ¡ȱ
'0)93%-03'( $-'!-#$-#&( ,-( ,"#4( $-( ,+( 1%93+3!1%-( <-3'( ,-'( #%<-+02( %#I93%-03'.(
¸ǰȱȱȱȱȂ·ȱȱ¡ȱ·ȱ&(3-*"#&-3(,+(
1%93+3!1%-.(?-($"05,-('-#'($-(!%3!0,+&%"#($-'(I,02(-'&()3%*"3$%+,(ȱȂ·ȱȱ
'7'&Q*-.(K-('7'&Q*-('"!%"R&-!1#%A0-(%#!,0&(),0'%-03'(#%<-+02(1%93+3!1%A0-'(+,,+#&($0(
,94%',+&-03(+0('%*),-(")93+&-03.(
K+( '9!03%&9( $9)-#$( $0( !"#&3Z,-( $-'( )3"!-''0'( $-( &3+<+%,( -&( $"%&( )+3( !"#'9A0-#&(
!1-3!1-3( :( 9<%&-3( ,-'( -II-&'( %#$9'%3+5,-'( !+0'+#&( $-'( $"**+4-'( +02( %#$%<%$0';( :(
Ȃȱȱ¥ȱȂȱǽǰȱŗşşŝǾǯ(
LȱȂȱȱȱȂȱȱȱ¡ȱ¡ȱ·3%-03';(,-'($9!%$-03'(
#-()-0<-#&()+'(&-#%3(!"*)&-($-(,+(!+)+!%&9($%')"#%5,-;($-'(,%*%&-'($0('7'&Q*-("0($-'(
!"#&3+%#&-'( +02A0-,,-'( !-,0%R!%( I+%&( I+!-.( M,( -#( 39'0,&-( 0#-( )"''%5,-( %#'&+5%,%&9( $0(
'7'&Q*-;($"#!(0#-()-3&-($-(!"#&3Z,-($0()3"!-''0'(Ȃ%,(+( ,+(!1+34-($-(!"#&3Z,-3.(K+(
'9!03%&9(-'&($"#!(5%-#(0#-()3")3%9&9(·ȱȂȱ¢¸ȱR&-!1#%A0-.(>-(!-(
)"%#&($-(<0-;(0#(+!!%$-#&()-0&(+<"%3()"03("3%4%#-(0#-()-3&-($-(!"#&3Z,-(!+0'9-()+3(
ȱ ȱ Ȃ·ȱ ȱ ȱ ( *+0<+%'-( !"**0#%!+&%"#( -#&3-( ,-'(
$%II93-#&'( #%<-+02( $0( '7'&Q*-( '"!%"R&-!1#%A0-.( ?1+A0-( #%<-+0( 6"0-( $"#!( 0#( 3Z,-(
ȱ ȱȱȱ ȱ··ȱȂȱ¢¸ǯ([%#'%;( ,"3'A0-(),0'%-03'(#%<-+02('"#&(
'"0*%'( :($-'( !"#&3+%#&-'("0(:($-'()3-''%"#'(:($%II93-#&'(*"*-#&';( %,( -'&( %*)"3&+#&(
ȱȱ·ȱȂ·ȱȱȱ··ȱ:(0#(#%<-+0()3-##-#&(-#(!"*)&-(!-'(
!1+#4-*-#&'(%*)"'9'()+3(,-'(+0&3-'(#%<-+02.(
3.2.2. La dynamique du système 
ȱ ¢ȱ ȱ ¢¸ȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ ȱ
@+'*0''-#.(>+#'(,-'(-#<%3"##-*-#&'(!"*),-2-'(%,(-'&(%*)"''%5,-($-(*-&&3-(-#(),+!-(
$-'( )3"!9$03-'( )"03( !1+!0#-( $-'( '%&0+&%"#'( )"&-#&%-,,-';( -#( )+3&%!0,%-3( -#( !+'(
Ȃǰȱ ȱ ȱ 'A0-( "0( $-( '%&0+&%"#( %#+&&-#$0-( h@+'*0''-#;( \dd_i.( K+(
$7#+*%A0-( &%-#&( !"*)&-( $-'( %#I,0-#!-'( $7#+*%A0-'( )"0<+#&(*"$%I%-3( ,+( '&30!&03-(
$0('7'&Q*-;($"#!('"#(!"*)"3&-*-#&.(
D"03(*+%#&-#%3(,-(#%<-+0($-('9!03%&9(Ȃ0#('7'&Q*-('"!%"R&-!1#%A0-;(%,(-'&(-''-#&%-,(
A0-( ,-'($9!%'%"#'()3%'-'( -&( ,-'( +!&%<%&9'(10*+%#-'( 3-'&-#&($+#'( ,-'( ,%*%&-'($-( &3+<+%,(
$9I%#%'()+3( ,-'( !"#&3+%#&-'(+$*%#%'&3+&%<-';( I"#!&%"##-,,-'(-&($-( '9!03%&9.(@+'*0''-#(
ȱȂȱȱȱȂȱȱȱȱ··ȱȱȱȱȱ
$7#+*%A0-'()"0<+#&( I+%3-(*%43-3( ,-( '7'&Q*-('"!%"R&-!1#%A0-(<-3'("0(-#($-1"3'($-(
!-'(,%*%&-'.(?-&(-')+!-($-(,%5-3&9($+#'(,-A0-,(&"0&(9,9*-#&($0('7'&Q*-('"!%"R&-!1#%A0-(
)-0&(#+<%40-3(-'&($9,%*%&9()+3(&3"%'(I3"#&%Q3-'(f(
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Ŷ 0#-(!1+34-(B)'7!1","4%A0-C(+!!-)&+5,-($-(&3+<+%,(j(
Ŷ $-'(!"#&3+%#&-'(9!"#"*%A0-'(-&(+!!-)&+5,-'(j(
Ŷ $-'()3"!9$03-'(-&($-'(394,-*-#&+&%"#'($-('9!03%&9.(
?1+!0#-($-( !-'( I3"#&%Q3-'( -'&( '0'!-)&%5,-($-()3"$0%3-(0#(43+$%-#&( %#I,0-#m+#&( ,-(
¢¸ǯȱȱ¡ǰȱȱȱ¸ȱȱ¥ȱȂȱȂȱȱȱúȱ
+7+#&( 0#-( %#I,0-#!-( '03( ,-( !"*)"3&-*-#&( %#$%<%$0-,( )3"<"A0+#&( 0#-( +$+)&+&%"#(
9!"#"*%A0-($-'('&3+&94%-'($-(&3+<+%,.(W#-(!1+34-($-(&3+<+%,('0)),9*-#&+%3-(!39-(0#(
43+$%-#&(*"&%<+#&(,-'(%#$%<%$0'(:(*"$%I%-3(,-03'()3+&%A0-'($-(&3+<+%,(+I%#($-(39$0%3-(
,-( &3+<+%,( )17'%A0-( -&( !"4#%&%I.( ?-ȱ ·ȱ ȱ ȱ ¥ȱ Ȃȱ Ȃȱ
<+3%+&%"#(+,9+&"%3-(B"0(53"l#%-##-C($0(!"*)"3&-*-#&(10*+%#.(
ȱȱȱȱȱȱȱ··ȱ¥ȱȂ·ȱȱ·ȱȱ¥ȱ
)3"<"A0-3($-'($943+$+&%"#'($-'($9I-#'-'($0('7'&Q*-.(>-(),0';(!-'(<+3ȱȂȱ
)+'( I"3!9*-#&( $-'( !"#'9A0-#!-'( <%'%5,-'( -&( %**9$%+&-'.( 8+,1-03-0'-*-#&;( !-'(
!"*)"3&-*-#&'( +$+)&+&%I'( )"0''-#&( )3"43-''%<-*-#&( ,-'( ")93+&-03'( :( I3+#!1%3( ,-'(
,%*%&-'(+%#'%(A0-(,-('7'&Q*-($+#'('+(4,"5+,%&9.(Ȃ+!!%$-#&(-'&(%#9<%&+5,-('%( ,-(!"#&3Z,-(
Ȃȱȱȱ¥ȱȱǯ(
K+( '&30!&03-( $-( !"#&3Z,-( $-( ,+( '9!03%&9( -,,-R*P*-( !1+#4-( +0( !"03'( $0( &-*)'( -&(
)-0&( *%43-3( <-3'( ,-'( ,%*%&-'( $-( '9!03%&9(j( 0#( 0#%A0-( 9<Q#-*-#&( "0( 0#-( %#I%*-(
$9<%+&%"#()-0&(+,"3'()3"<"A0-3(0#-(!+&+'&3")1-.(
Ȃ·ȱȂ+!!%$-#&'(!"**-(N1")+,("0(E!1-3#"57,(+(*"#&39(A0-(!-'(!+&+'&3")1-'(
ȱȱȱȱ·ȱȂȱȱ·ȱȱȱ;(*+%'(
ȱ ·ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ Ȃ+!!%$-#&(
ȱ Ȃȱ ȱ ȱ ¸ȱ ȱ ȱ ȱ ¡¹ȱ
!"*)9&%&%I(h@+'*0''-#;(\dd_i.(
Ȃȱȱ@+'*0''-#()-3*-&($"#!($-($9,%*%&-3(0#(ȱȂ·ȱúǰȱ
,-(3-#$+#&(<%'%5,-()"03( ,-'(+!&-03'(-&()-3*-&&+#&($-(!"#&3Z,-3('"#(!"*)"3&-*-#&(+0(
'-%#($-(!-'(,%*%&-'.(
?-&&-( +))3"!1-( '7'&9*%A0-( +( )3"I"#$9*-#&( %#I,0-#!9( ,-'( &3+<+02( $-( J+#!7(
K-<-'"#;()3"I-''-03(+ȱȱȱȱȱȱȱȱȱȱ¸ȱȂȱ
+))-,9( LE[8D( B9:-($;<=0$&)$(,%! >%%,1$'(! ?&1$2,'5! +'1! @)&%$--$-C;( )39'-#&9( +0(
!1+)%&3-(^.(
Conclusion 
?-( !1+)%&3-( +( )39'-#&9( Ȃȱ !"**-( 0#( )19#"*Q#-( 9*-34-#&( '7'&9*%A0-;(
$9)+''+#&(,-'(+))3"!1-'(Ȃ¢(!"**-(0#(9<Q#-*-#&(,%#9+%3-(-#(5"0&($-(!1+T#-(
ȱȱȂȱȱȱ·!-'($-($9I-#'-'($+#'(0#('7'&Q*-.(
Ȃȱ ¢·ȱ ȱ Ȃ( <%'-( :( 39)"#$3-( +02( ,%*%&-'( $-'( *"$Q,-'(
Ȃȱ ·ȱ ȱ &-#+#&( !"*)&-( $0( !+3+!&Q3-( $7#+*%A0-( #"#( ,%#9+%3-( $0(
!"*)"3&-*-#&($-(&"0&('7'&Q*-.(
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>+#'(!-&&-(")&%A0-;(ȱȂȱ··()39'-#&9-'(,+('7'&9*%A0-(-&(,+()-#'9-('7'&Q*-(
+I%#( $-( !-3#-3( ,-'( I"#$-*-#&'( $-( ,+( &19"3%-( $-'( '7'&Q*-'.( KȂȱ '03<-#+#&( +0(
'-%#($-'('7'&Q*-'(+(-#'0%&-(9&9(+))391-#$9(ȱȱ·ȱȱȱȱȂ·ȱ
+!!%$-#&-,.(
?-( !1+)%&3-( '-( &-3*%#-( $"#!( )+3( ,-'( ¸ȱ Ȃȱ ¢·';( -&(
#"&+**-#&( )+3( ,-( !+$3-( '"!%"R&-!1#%A0-( $-( @+'*0''-#;( A0%( '-3&( )+3&%-,,-*-#&( $-(
ȱȱ¸ȱȂȱ;("56-&($0(!1+)%&3-('0%<+#&.(
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65,7&($"*:*
ȱ¸ȱȂ%%&/"'(*;+<=>*
Ȃȱȱȱȱȱȱ¸ȱȂȱȍ(&3+$%&%"##-,'(H(-&($-(
&-#%3(!"*)&-($-'(%#&-3+!&%"#'($+#'(,-'('7'&Q*-'('"!%"R&-!1#%A0-'(*"$-3#-'(!"#$0%&(:(
ȱ ¥ȱ ȱ ¸ȱ ȱ ȱ ·ȱ Ȃȱ ȱ ȱ
'7'&9*%A0-';(ȱ¢ȱ ȱ Ȃ·ȱ ȱ ȱ ȱ ȱ ȱ ·ȱ Ȃȱ ȍ(!"#&3Z,-(
%#+$9A0+&(Hb(*-#+#&(,-('7'&Q*-(<-3'(0#(9&+&(+!!%$-#&-,.(
ȱ¸ȱȂȱ(B9:-($;<=0$&)$(,%!>%%,1$'(!?&1$2,'5!+'1!@)&%$--$-C_(+(
9&9($9<-,"))9()+3(J+#!7(K-<-'"#(hK-<-'"#;(]``a(j(K-<-'"#;(]``b(j(V",,#+4-,;(Y""$';(
K-<-'"#;(]``ci(-&(%#&Q43-(!-&&-(#"&%"#($-(G(!"#&3Z,-(%#+$9A0+&(ȎǯȱȱȱȂ·ȱ¥ȱ
,+(I"%'($-'('&30!&03-'('&+&%A0-'(-&($7#+*%A0-';("0&%,'(<%'+#&(:(%$-#&%I%-3;(:(+#+,7'-3(-&(
:( 9<+,0-3( &"0&-(*%43+&ȱ Ȃȱ ¢¸ȱ ȱ ȱ ·ȱ ǯȱ ȱ ·ȱ Ȃ(
!"**-( 0#( ȱ Ȃ·ȱ ¢·ǰȱ ȱ ȱ ȱ 0#-( !1+T#-(
Ȃ·¸ǰȱȱ ,-A0-,( ,-'( !"#&3+%#&-'(-#('9!03%&9($-'( '7'&Q*-'('"#&(+)),%A09-'(
$-(I+m"#(%#+$9A0+&-(-#(!"#!-)&%"#;(-#($9<-,ȱȱȱȂ¡ȱȂȱ
'7'&Q*-(h>0,+!;(]``_i.((
?-( !1+)%&3-( )39'-#&-( Ȃȱ ,-'( I"#$-*-#&'( $0( *"$Q,-( LE[8D( $9<-,"))9'( :(
)+3&%3($-(,+(&19"3%-($-'('7'&Q*-'(BC8(!1+)%&3-(];(#"&+**-#&(,-'(#"&%"#'($-()3"!-''0';(
$-('&30!&03-;($-(I"#!&%"#(-&($-(!"#&-2&-C(-&(,+(&19"3%-($0(!"#&3Z,-.(K-'(&3"%'()3%#!%)+02(
!"#!-)&'(B,+(!"#&3+%#&-;(,+('&30!&03-($-(!"#&3Z,-;(,-'(*"$Q,-'($-()3"!-''0'C($0(*"$Q,-(
LE[8D( '"#&( -#'0%&-( $9!3%&'.( S#I%#( -'&( -2)"'9-( ,+( ȱ Ȃ¢ȱ ȱ ȱ
LED[;( !"#'&30%&-( :( )+3&%3( $0( *"$¸ȱ Ȃȱ ȱ ȱ ȱ ¥ȱ ¢ȱ ȱ
+!!%$-#&'("0(:(9<+,0-3(,-(#%<-+0($-('9!03%&9($+#'(0#('7'&Q*-.(
(((((((((((((((((((((((((((((((((((((((((((((((((
b(ȱâȱ·ȱȱȱȱȂȱȱȱȱ··ȱȱȱȱȱȱȂȱ
#%<-+0($-('9!03%&9(+!!-)&+5,-.(
_(8"$9,%'+&%"#(-&()3"!-''0'($-'(+!!%$-#&'('7'&9*%A0-'.(
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1. Les fondements théoriques du modèle STAMP 
ȱ¸ȱ Ȃȱ ȱ ȱ :( ,+( I"%'( '03( ,+( &19"3%-( $-'( '7'&Q*-'( -&( ,+(
&19"3%-($0(!"#&3Z,-.(
K+( &19"3%-( $-'( '7'&Q*-'(Ȱȱ "0&( !"**-( ,+( &19"3%-( $0( !"#&3Z,-( -&( ,+( '9!03%&9( $-'(
'7'&Q*-'(Ȱȱ ȱ ȱ Ȃȱ Ȃȱ ·ȱ +))3"I"#$%-( $+#'( ,-( !1+)%&3-( ](f(G(,+(
&19"3%-($-'('7'&Q*-'(+(9&9($9<-,"))9-(+)3Q'(,+(L-!"#$-(=0-33-(*"#$%+,-(+I%#($-(I+%3-(
ȱ ¥ȱ Ȃȱ ȱ $-( ,+( !"*),-2%&9( $-'( '7'&Q*-';( )+3&%!0,%Q3-*-#&(
$-'('7'&Q*-'(*%,%&+%3-'.(>+#'(,+(&19"3%-($-'('7'&Q*-';(,-'('7'&Q*-'('"#&(<0'(!"**-(
ȱ ··ȱ ·ȱȱ ȱ ·ȱ Ȃ·ȱ ¢ȱ ȱ ȱ ȱ ȱ
ȱȱ·ȱȂȱȱ(!"#&3Z,-'.(K-'('7'&Q*-'(#-('"#&()+'(&3+%&9'(
!"**-( 0#-( !"#!-)&%"#( '&+&%A0-( *+%'( !"**-( 0#( )3"!-''0'( $7#+*%A0-( A0%( -'&(
ȱ·ȱȱȂȱ ȱȱȱȱ ·ȱ ȱ¡ȱȱ
%#&-3#-'(-&($-( ,-03'(-#<%3"##-*-#&'.(D"03(P&3-('t3-;( ,+(!"#!-)&%"#("3%4%#+,-(#-($"%&(
)+'( '-0,-*-#&( 3-#I"3!-3( ,-'( !"#&3+%#&-'( '03( ,-( !"*)"3&-*-#&( )"03( +''03-3( $-'(
")93+&%"#'('t3-'(B!v-'&R:R$%3-(-#(3-#I"3m+#&(,-'(!"#&3+%#&-'(-#('9!03%&9($-'('7'&Q*-'C;(
*+%'(,-('7'&Q*-($"%&(!"#&%#0-3(:(I"#!&%"##-3($-(I+m"#('t3-(,"3'A0-($-'(*"$%I%!+&%"#'(
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ Ȃȱ ȱ
50&'( -&( <+,-03'( !"*),-2-'( 9<",0+#&( :( )+3&%3( $-( !"#$%&%"#'( '"!%+,-'( -&( &-!1#%A0-'(H(
hK-<-'"#;( ]``bi.( ?-&( +')-!&( $7#+*%A0-( $-'( '7'&Q*-'( !"*),-2-'( $"%&( $"#!( 0#-(
#"0<-,,-(I"%'(P&3-('"0,%4#9.(
M#'%'&-3('03(,+(&19"3%-($0(!"#&3Z,-()-3*-&;()"03('+()+3&;($-(3+))-,-3(,-'(I"#$-*-#&'(
·ȱȱ¸ȱȂȱǯ(?-&&-(&19"3%-(3-)"'-()3%#!%)+,-*-#&('03(,-(
!"#!-)&($-(39&3"+!&%"#(!+3($+#'(+0!0#('7'&Q*-(!"*),-2-;(0#(*9!+#%'*-(#+&03-,("0(
ȱ Ȃȱ ȱ ·ǯȱ =3U!-( +02( 5"0!,-'( $-( 39&3"+!&%"#;( 0#-( !-#&3+,-(
·ȱ ȱ ȱ ·ȱ ȱ ȱ ê( !"#'&+#&-( *P*-( ,"3'A0-( ,+(
&-*)93+&03-(+*5%+#&-()-0&(<+3%-3($-(),0'%-03'($%x+%#-'($-($-439'(j(43U!-(+02(5"0!,-'(
$-( 39&3"+!&%"#;( 0#( +<%"#( )-0&( *+%#&-#%3( '"#( !+);( '"#( +,&%&0$-( -&( '+( <%&-''-;( )-0&(
94+,-*-#&( $9!",,-3( '+#'( +0!0#-( %#&-3<-#&%"#( 10*+%#-;( -&( '%*),-*-#&(j( 43U!-( +02(
5"0!,-'( $-( 39&3"+!&%"#( -#!"3-;( $+#'( ,-( $"*+%#-( 9!"#"*%A0-;( ,+( @9'-3<-( I9$93+,-(
+*93%!+%#-( -2-3!-( '"#( +0&"3%&9( ȱ ȱ ȱ Ȃ·ǰȱ )+3( 0#( 6-0( '05&%,( $-(
39&3"+!&%"#'(-&($-(!"#&3Z,-'.(
>+#'(!-(!"03+#&( &19"3%A0-;( ,-(*"&(G(!"#&3Z,-(H()3-#$(0#-(+!!-)&%"#($%II93-#&-($-(
'"#( 0&%,%'+&%"#( A0"&%$%-##-ǯȱ ȱ ȱ ¡ȱ Ȃǰȱ ȱ '( "0(
Ȃ';( 0#-()-3'"##-()+3,+#&($-(G(!"#&3Z,-(H()-#'-( '"0<-#&( :( ,+(#"&%"#($-(
!"-3!%&%"#( "0( $-( $"*%#+#!-( !"**-( $+#'( ,-'( '&30!&03-'( "34+#%'+&%"##-,,-'(
1%93+3!1%A0-'($-(G(!"**+#$-*-#&(-&($-(!"#&3Z,-(H;($-(&7)-(*%,%&+%3-()+3(-2-*),-.(K+(
&19"3%-($0(!"#&3Z,-( I0&( %#%&%+,-*-#&($9<-,"))9-($+#'( ,-(50&($-(!"#!-<"%3($-'("0&%,'(
$Ȃ¢ȱ ȱ $-( !"#&3Z,-( $-( '7'&Q*-'(j( !-&&-( %#49#%-3%-( $0( !"#&3Z,-( )-0&( P&3-( ,0-(
!"**-( Ȃȱ ȱȱ·ȱȱ ·ȱȱȱâȱ ȱ
ȱȂȱȱ¢(hN-,+#4-3;(\ddci.(ȱȱȱȂ·ȱ
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$0(!"#&3Z,-($-'('7'&Q*-'(-'&(49#93+,-*-#&(+))-,9(G(&19"3%-($0(!"#&3Z,-(H.(K-( &-3*-(
G(&19"3%-(H(-'&(+))3")3%9()"03(),0'%-03'(3+%'"#'(f((
Ŷ )3-*%Q3-*-#&;( %,( -'&( -''-#&%-,,-*-#&( *+&19*+&%A0-( $+#'( '"#( !"#&-#0;( -&( ,-'(
*+&19*+&%A0-'('"#&('"0<-#&(!"#I"#$0-'(+<-!(,+(&19"3%-(j(
Ŷ -ǰȱ ȱ ·ȱ ȱ ȱ êȱ ȱ ȱ ¢¸ȱ ·;( *+%'( $-'( *"$Q,-'(
ȱ ȱ ȱ ȱ ȱ Ȃ·ȱ Ȃȱ ·ȱ ȱ ȱ
39+,%&9(j(
Ŷ -ǰȱ ȱ ȱ ·ȱȂȱ ȱȱ (f( &19"3Q*-';( +,4"3%&1*-'(
$-(!"#!-)&%"#;(*9&1"$-'(43+)1%A0-'ǳ(
?-&&-( )39'-#&+&%"#( !"*)"3&-( A0+&3-( )1+'-'(f( ,+( )3-*%Q3-( -2)"'-( ,-'( -#6-02( $0(
!"#&3Z,-(j( ,+( $-02%Q*-( &3+%&-( $-'( *"7-#'( $-( âȱ ȱ ȱ Ȃȱ ¢¸(j( ,+(
¸ȱȂȱ¥ȱȱȱȱȂȱâ(j(,+($-3#%Q3-(%#&3"$0%&(,-(
!"#&3Z,-($+#'(,-(!+$3-(),0'(')9!%I%A0-($-(,+('9!03%&9.(
1.1. Contrôler : une nécessité justifiée 
Ȃȱ¸ȱ··ǰȱ,0'%-03'(+340*-#&'( 60'&%I%-#&( ,-(5-'"%#($-(!"#&3Z,-3(0#(
'7'&Q*-(j( A0+&3-( '"#&( )+3&%!0,%Q3-*-#&( %*)"3&+#&'(Ǳȱ Ȃ·ǰȱ ȱ ··ǰȱ ȱ
)-3I"3*+#!-(-&(,+(I%+5%,%&9(hN"''-,;(]``_i.(
K-'(!"#'%$93+&%"#'(9!"#"*%A0-'( %*)"3&-#&('03&"0&($+#'(,-()3"!-''0'($-(!"#&3Z,-;(
!v-'&R:R$%3-($+#'(,-(!"#&3Z,-($-'('7'&Q*-'($-()3"$0!&%"#.(N-+0!"0)($-(!-'('7'&Q*-';(
+))-,9'( G()3"!-''0'( !"#&%#0'(H;( "#&( 9&9( !"#m0'( )"03( *+%#&-#%3( 0#( 9&+&( '&+5,-.( D+3(
-2-*),-;( ,-'( 0'%#-'( '"#&( $-'( )3"!-''0'( !"#&%#0'( !"#m0'( )"03( *+%#&-#%3( $-'(
ȱȂ·ȱ;(ȱȱ·ȱȱ¥ȱȂ¹ǯȱȱȱȱ
'"0<-#&( 394,9'( +I%#( Ȃ( ,-( 3-#$-*-#&( 9!"#"*%A0-( *+2%*+,;( '"0*%'( :( $-'(
!"#&3+%#&-'( %#94+,-'( %*)"'9-'( :( !-3&+%#-'( <+3%+5,-'( -#( &-3*-'( $-( A0+,%&9( "0( $-(
'9!03%&9.( E-,( -'&( '"0<-#&( ,-( !+'( ,"3'A0-( ,+( '",0&%"#( ")&%*+,-( $-*+#$-( 0#(
I"#!&%"##-*-#&( )3"!1-( $-( ,+( ,%*%&-( $0( '7'&Q*-( -&( )"0''-( !-( '7'&Q*-( <-3'( 0#(
3-#$-*-#&(*+2%*+,.(
K+( '9!03%&9( 3-<P&( 94+,-*-#&( 0#-( $%*-#'%"#( !+)%&+,-( -#( &-3*-'( $-( !"#&3Z,-.( W#(
+<%"#(Ȃǰȱ+0($9!",,+4-ǰȱȂ0#-(<%'%5%,%&9(&3Q'(39$0%&-(-&($"%&($"#!(P&3-(!"#&3Z,9(+I%#($-(
,0%(4+3+#&%3(0#-()%'&-($-($9!",,+4-('t3-(j(0ȱ·ȱ·ȱȱȱȂȱ
&-,,-(I+m"#(A0-(,-'(<+3%+5,-'()3%#!%)+,-'('"%-#&(*+%#&-#0-'($+#'($-'(,%*%&-'('t3-'($-(
I"#!&%"##-*-#&.(K+(*+6"3%&9($-'('7'&Q*-'(!"##+%''-#&($-'(x"#-'($-($+#4-3;($"#&(,-(
50&($-'(!"#&3Z,-'(-'&($-(,-'(9<%&-3.(
W#(#%<-+0($-()-3I"3*+#!-($"##9(#-()-0&(P&3-(+&&-%#&('+#'(!"#&3Z,-'.(W#(+<%"#($"%&(
)"''9$-3( ȱ ¢¸ȱ ȱ âȱ ȱ ȱ ȱ ê·ȱ (j( 0#-(
ȱ ·ȱ ȱ ¹ȱ £ȱ ȱ ȱ ȱ Ȃ·ȱ ¥( 0#-(
)")0,+&%"#.(?-&&-()3"$0!&%"#(#-('-3+%&(P&3-(-II%!+!-('+#'(0#(!"#&3Z,-(+$9A0+&.(
K-( !"#&3Z,-( -'&( -#I%#( 0&%,%'9( )"03( +&&-%#$3-( 0#-(*-%,,-03-( I%+5%,%&9.( L"0*%'( :( $-'(
)-3&035+&%"#';( ,-'( '7'&Q*-'()17'%A0-'('"#&(1+5%&0-,,-*-#&( '06-&'(:($-'($9I+%,,+#!-'.(
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ȱ ȱ ȱ ·ȱ ȱ ȱ ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ
'7'&Q*-'()17'%A0-'()"03()+,,%-3(&"0&-($9I+%,,+#!-(%#"))"3&0#-.((
D+3( +%,,-03';( G(!"#&3Z,-3(H( '%4#%I%-( G(ȱ ȱ ȱ ···ȱ ȱ Ȃ·ȱ Ȃȱ
'7'&Q*-($7#+*%A0-(H(ho4+&+;(\dd_i.(>+#'(,-(!"#&-2&-($-'('7'&Q*-'('"!%"R&-!1#%A0-';(
,-( *"&( G(!"#&3Z,-(H( -'&( +''"!%9( +0( !"#&3Z,-( $-'( )-3'"##-';( $"#!( +02( !"#!-)&'( $-(
G(!"**+#$-*-#&( -&( $-( !"#&3Z,-(H.( Ȃ%,( -'&( '"01+%&+5,-( $-( !"#'-3<-3( 0#-(
%#I,0-#!-( '03( 0#( )"&-#&%-,( $-( &3+<+%,;( ,-( !"#&3Z,-( )"3&-( '03( ,-( !"*)"3&-*-#&( $-'(
ȱ ȱ Ȃȱ ;( -&( ,-( !"#!-)&( $-( G(!"**+#$-*-#&( -&( $-( !"#&3Z,-(H( '-(
·¸ȱ ·ȱȰȱ ȱ ȱ Ȃȱ ȱ ȱ ( Ȃ( -'&( #9!-''+%3-( $-( !"#&3Z,-3( ,+(
··ȱȂȱ ¢¸ȱ ȱ ȱ ·ȱȂȱ #%'+&%"#( :( +))3-#$3-($-( '-'( -33-03'(
h?+33",,;(]``]i.(
K+( &19"3%-( $0( !"#&3Z,-( !1-3!1-( :( %$-#&%I%-3( ,ȱ ȱ Ȃ·ȱ ȱ ¢¸ȱ ¥ȱ
!"#&3Z,-3(-&(,-'(*"7-#'(+))3")3%9'()"03(!"#&3Z,-3(!-'(<+3%+5,-'(+I%#($-(*+%#&-#%3(,-(
¢¸ȱ¥ȱ Ȃ·ȱȱȱǰȱȂR:Rȱ¥ȱ Ȃ·ȱȱȱG(9&+&("0(-#'-*5,-($-(
!"#$%&%"#'(BȂȱ¢¸ȱǻȱȱǼC;()"0<+#&(*-#-3(%#9<%&+5,-*-#&(:(0#(+!!%$-#&(
B9<Q#-*-#&($-()-3&-'CC(H( hK-<-'"#;(\ddci.(w(ȱȱȱȱȱȱȂȱ
'7'&Q*-;( ,-(*+#+4-*-#&($-'(3%'A0-'()-0&(P&3-(+))391-#$9(!"**-(0#()3"5,Q*-($-(
!"#&3Z,-(f(Ȃ·ȱȱ¢¸ȱ··ȱȱȱȱȱȱȱȱ¢¸ȱ
)"03(*+%#&-#%3( ,-( '7'&Q*-($+#'( !-&( 9&+&()-0<-#&( P&3-( %$-#&%I%9'( -&( 0#-( '&30!&03-($-(
!"#&3Z,-('"!%"R&-!1ȱȱ¹ȱ·ȱȱȱȱȱêȱȱȱȱ
··ȱȂȱ¢¸ȱǽ"#;(]``a(j(K-<-'"#(-&(>0,+!;(]``ci.(
K"3'A0-;($+#'(0#('7'&Q*-;(Ȃ·ȱȱ¢¸ȱ··ȱȱ·ǰȱȂȱ¥ȱȱȱȱ
âȱȂȱȱǯȱȱ¢¸ȱ-(!"#&3Z,-(!"#<-3&%&(+%#'%(,-(50&($0('7'&Q*-(-#(
+!&%"#'($-<+#&(P&3-(!"#&3Z,9-'&ȱȂȱȱȱȱȱȱǯ(D"03(!-(
I+%3-;(,-('7'&Q*-(0&%,%'-($-'(5"0!,-'($-(!"#&3Z,-.(
1.2. Les boucles de contrôle 
o#( $%'&%#40-( ,-'( '7'&Q*-'( $-( !"#&3Z,-( '-ȱ Ȃȱ ȱ ( $-'( 5"0!,-'(
"0<-3&-'("0($-'(5"0!,-'(I-3*9-'(B"0('&30!&03-'(:(!"#&3Z,-'()+3(39&3"+!&%"#'C.(
1.2.1. Les boucles ouvertes 
K-( !"#&3Z,-( -#( 5"0!,-( "0<-3&-( I"3*-( ,+( '&30!&03-( $-( !"#&3Z,-( ,+( ),0'( '%*),-.(
K%*%&9-( -#( )-3I"3*+#!-;( -,,-( -'&( 1+5%&0-,,-*-#&( 39'-3<9-( :( $-'( +)),%!+&%"#'(
')9!%I%A0-'( $+#'( ,-'A0-,,-'( ,-( !"#&3Z,-( )+3( 39&3"+!&%"#( Ȃ¸( '"%&( %*)"''%5,-;( '"%&(
%#0&%,-.(S#(3+%'"#($-('+('%*),%!%&9;(,-(!"#&3Z,-(-#(5"0!,-("0<-3&-(!"#'&%&0-(0#-(5+'-($-(
$9)+3&(%$9+,-(ȱȂ·0$-($-'('&30!&03-'($-(!"#&3Z,-;(*P*-('%('-'(,%*%&-'($"%<-#&(P&3-(
!"##0-'.( >-'( !"#!-)&'( &-,'( A0-( ,-'( !"#$%&%"#'( $-( '&+5%,%&9( -&( ,-'( ,%*%&-'( $-(
)-3I"3*+#!-( 7( +))+3+%''-#&( '"0'( 0#-( I"3*-( 3-,+&%<-*-#&( '%*),-;( *+%'( A0%( )-0&(
!"#'%$93+5,-*-#&( '-( !"*),-2%I%-3($+#'(Ȃȱ âȱȱ ǯ(W#( '7'&Q*-(
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"0<-3&(-'&($"#!(!+3+!&93%'9()+3($-'('"3&+#&'(39)"#$+#&(:($-'(-#&3+#&'(*+%'($9)"03<0'(
ȱȱ¸ȱȂ%#I,0-#!-('03(-02.(?-('7'&¸ȱȂȱȱȱȱȱȱ)3-(
)-3I"3*+#!-( hr"33-'&-3;( \dbdǾǯȱ ȱ ȱ ¢¸ȱ ǰȱ ȱ ȱ ·ȱ Ȃȱ
+0!0#-( %#I,0-#!-( '03( ,-'( +!&%"#'( I0&03-'.( ȱ ȱ ȱ Ȃȱ ȱ ȱ !"#&3Z,-(
ǰȱ Ȃ;( Ȃȱ ¡ǰȱ Ȃ( +0!0#( 3-&"03( $Ȃȱ ȱ Ȃ·ȱ ȱ
'7'&Q*-()3"<-#+#&($0(!"#&3Z,-03.(K-(!"#&3Z,-03(#-()-0&()3-#$3-(-#(!"*)&-(-#(&-*)'(
·ȱȱȱȱȂ·ȱȱ¢¸.(D+3(!"#'9A0-#&;(%,(#-()-0&(&3+#'*-&&3-(,-'(
ȱ ¥ȱ ȱ ¥ȱ Ȃȱ ǻȱ ȱ Ȃȱ ȱ ȱ ¢¸Ǽ( $0(
'7'&Q*-.(
1.2.2. Les boucles fermées 
K-( '7'&Q*-( I-3*9( B"0( '7'&Q*-( :( 39&3"+!&%"#'C( -'&( '"0*%'( :( '"#( )3")3-(
!"*)"3&-*-#&( )+''9.( W#( '7'&Q*-( :( 39&3"+!&%"#'( +( $"#!( 0#-( '&30!&03-( :( 5"0!,-'(
I-3*9-'( %#&943+#&( ȱ ·ȱȂȱ"3&-*-#&()+''9($+#'( ,+()3%'-($-($9!%'%"#'(
I0&03-'.(W#( '7'&Q*-( -'&(ȱ ȱ ȱ ȱ Ȃȱ ȱ ȱ Ȃȱ ȱ
Ȃ·;(-&($-('-!"#$("3$3-(Ȃȱȱȱ¡ǯ([%#'%;( ,-'('7'&Q*-'($-(!"#&3Z,-(
)-0<-#&( P&3-( !"#'&%&09'( $-( 5"0!,-'( $-( 39&3"+!&%"#( BI%403-'(\`( -&( \\C( !"*)"3&+#&(
$%II93-#&'(9,9*-#&'(I"#$+*-#&+02(hK-<-'"#;(]``^(j(K-<-'"#(-&(>0,+!;(]``c(j(K-<-'"#;(
]``bi(f(
Ŷ ,-(%&'()Q2$*)(*+&93%+,%'-(,+(,"4%A0-($0('7'&Q*-($-(!"#&3Z,-(-&($9&-3*%#-(,-'(+!&%"#'(
$-(!"#&3Z,-(:(-II-!&0-3(+0('-%#($-(!-('7'&Q*-.(K-(!"#&3Z,-03(!"#&%-#&(0#(*"$Q,-($0(
3-'&-($0('7'&Q*-;(%#!,0+#&(,-'(+0&3-'(9,9*-#&'($-(!"#&3Z,-(j(
Ŷ 0#( +%(,&''$*)( -'&( 0#( 9,9*-#&( )17'%A0-( "0( 0#( +4-#&( %*)"'+#&( ,+( <","#&9( $0(
!"#&3Z,-03('03(,-('7'&Q*-(-#(¡·ȱȂȱȱâ(j(
Ŷ ,Ȃ(B"0(!+)&-03C(ȱȂ··ȱȱ¢¸ȱȱâȱ·ȱȂ·ȱȱ
'7'&Q*-.(
(
Figure 10 Ŷ Boucle de contrôle standard 
adapté de Leveson [Leveson, 2005] 
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Figure 11 Ŷ Boucle de contrôle supervisée 
adapté de Leveson [Leveson, 2005] 
ȱ ȱ ȱ Ȃȱ ȱ ȱ âȱ ·ȱ ȱ Ȃȱ âȱ ȱ ·3"+!&%"#;(
Ȃȱ &( ȱ ȱ ȱ Ȃ·ȱ ȱ ¢¸ȱ ȱ â.( K-(
âȱ ȱ ȱ ȱȱ Ȃȱ ȱ·ȱȱ ǻ¥ȱȱȱ
*"$Q,-($0( '7'&Q*-C(0#-(+!&%"#($-( !"#&âȱ ȱȱ ȱ Ȃ·ȱȱ ¢¸ȱ
ȱ Ȃ·ȱ··ǯȱK-(âȱȱ Ȃȱȱ Ȃȱ)"03(*-&&3-(:(
6"03('"#(*"$Q,-(-&(*"$%I%-3(,+(*+#%Q3-($-(!"#&3Z,-3(0#(+!&%"##-03.(
?"**0#%!+&%"#( -&( !"#&3Z,-( I"3*-#&( $"#!( 0#-( $7+$-( $-( !"#!-)&'( %#$%''"!%+5,-'(
$+#'(,+(&19"3%-($-'('7'&Q*-'.(KȂ·ȱȱȱȱȱ·ȱ¥ȱȱȱ
$-( ,+( 1%93+3!1%-( $9I%#%&( 0#-( ,"%( $-( !"*)"3&-*-#&.( [0( '-%#( $-'( '7'&Q*-';( ,-'(
1%93+3!1%-'('"#&(!+3+!&93%'9-'()+3(0#()3"!-''0'($-(!"#&3Z,-(I"#!&%"##ȱ¥ȱȂȱ
$-'(#%<-+02.(S#('7'&Q*-("0<-3&;(,-'(!"#&3Z,-'(%#$0%'-#&(0#(5-'"%#($-(!"**0#%!+&%"#;(
)0%'A0-( ,-( '7'&Q*-( -'&( )-3m0( !"**-( ȱ ȱ Ȃ9,9*-#&'( %#&-33-,%9'(
*+%#&-#+#&( 0#( !"#&3Z,-( -&( 0#( ·ȱ Ȃ·ȱ ¢ȱ 43U!-( :( 5"0!,-'( $-(
39&3"+!&%"#(Ȃȱȱȱâǯȱ(
1.3. Les conditions de contrôle 
ȱ ¹ȱ ȱ Ȃȱ ȱ Ȃȱ Ȃȱ ¢¸ǰȱ 0#( !"#&3Z,-( $"%&(
49#93+,-*-#&(390#%3(A0+&3-(!"#$%&%"#'(hK-<-'"#;(]``bi(f(
Ŷ *'$! %&'1,(,&'! 1$! 3*(!R( ,-( !"#&3Z,-03( $"%&( +<"%3( 0#( "0( ),0'%-03'( "56-!&%I'( B)+3(
-2-*),-;(*+%#&-#%3($-'(!"#&3+%#&-'($-('9!03%&9($+#'(,-('7'&Q*-C(j(
Ŷ *ȱȱȂ!R(,-(!"#&3Z,-03(ȱ¹ȱȱȂȱȱȂ·ȱȱ¢¸ȱ
$+#'( ,-( 50&( $-( *+%#&-#%3( 0#( )3"!-''0'( +0( '-%#( $-( ,%*%&-'( )399&+5,%-'( "0( $-(
!"#&3+%#&-'( $-( '9!03%&9( *+,439( $-'( )-3&035+&%"#'( %#&-3#-'( -&u"0( -2&-3#-'.( S#(
)39'-#!-( $-( ),0'%-03'( !"#&3Z,-03'( "0( $9!%$-03';( ,-'( +!&%"#'( $"%<-#&( P&3-(
!""3$"##9-'( )"03( 3-*),%3( ,+( !"#$%&%"#( $-( 50&.( >-'( +!&%"#'( #"#( !""3$"##9-'(
)-0<-#&(-#(-II-&(*-#-3(:($-'(+!!%$-#&'(,"3'A0-(,-'(!"#&3Z,-03'(#-(3-')-!&-#&()+'(
,-03'(3-')"#'+5%,%&9'(j(
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Ŷ *'$! %&'1,(,&'! 1$!;&1D2$(f( ,-( !"#&3Z,-03($"%&( )"''9$-3(0#(*"$Q,-($0( '7'&Q*-.(K-'(
+!!%$-#&'( '03<-#+#&( $+#'( ,-'( '7'&Q*-'( !"*),-2-'( 39'0,&-#&( I39A0-**-#&(
Ȃ·ȱ ȱ ȱ¸ȱȱȱ·ȱȱ ȱ âȱ ǻȂȱ ȱ
ȱȱ·ǼȱȱȂ·ȱ·ȱȱ¢¸(j(
Ŷ *'$! %ȱ Ȃ·!R( ,-( !"#&3Z,-03($"%&()"0<"%3(·ȱ Ȃ·ȱȱ ¢¸ȱ
¦ȱ ¡ȱ ȱ Ȃ( ȱ Ȃ·ȱ ȱ ǯȱ ȱ ȱ ȱ ȱ
39&3"+!&%"#'('"#&(0&%,-'()"03(,+(*%'-(:(6"03($0(*"$Q,-($-()3"!-''0'($0(!"#&3Z,-03.(
K-( !"#&3Z,-03( Ȃȱ ȱ ȱ ȱ ȱ ȱ 3-,+&%<-'( :(
Ȃ·ȱȱȱ¥ȱȱȱȱ·ȱ ǻ·C( -&( ,-'(0&%,%'-()"03(
%#%&%-3( 0#-( +!&%"#( -#( *+#%)0,+#&( ,-'( <+3%+5,-'( !"#&3Z,9-'( +I%#( $-( *+%#&-#%3( ,-(
)3"!-''0'( $+#'( ,-'( ,%*%&-'( )39$9I%#%-'( *+,439( ,-'( )-3&035+&%"#'( '03( ,-( )3"!-''0'.(
=9#93+,-*-#&;(,+(*+%#&-#+#!-(:(0#(#%<-+0($0('7'&Q*-("0<-3&($-*+#$-(0#(-#'-*5,-(
ȱȱȱȱȱȱȱȱȂI"3*+&%"#($-'&%#9(:(,+(
3940,+&%"#(-&(+0(!"#&3Z,-($0('7'&Q*-.((
ȂȱȂȱ($-(!"#&3Z,-(-'&(-#(49#93+,($9!+,9()+3(3+))"3&(+0()3"!-''0';(!+3(
,+()3")+4+&%"#($0( '%4#+,( +0( '-%#($-( ,+(5"0!,-($-( !"#&3Z,-( -&( ,+( &3+#'*%''%"#(*P*-(
Ȃȱ ( %#$0%'-#&( #9!-''+%3-*-#&(0#( !-3&+%#( &-*)'($-( ,+&-#!-.([%#'%;( 0#(
9,9*-#&( )-0&( #-( )+'( 39)"#$3-( %**9$%+&-*-#&( :( 0#( '%4#+,( -2&93%-03(j( ,-( )3"!-''0'(
)-0&(!"#&-#%3($-'($9,+%'($-(39)"#'-;(#9!-''+%3-'(:(,+(*+#%)0,+&%"#($-'(<+3%+5,-';($-(
'"3&-(A0-(,-'(!+)&-03'(Ȃȱ,-'(<+,-03'(Ȃ¸ȱȱȱȱȱ.(?-'(
3-&+3$'( 3-'&3-%4#-#&( ,+( <%&-''-( -&( +04*-#&-#&( ,-'( -II-&'( $-'( )-3&035+&%"#'( -&( $-'(
I,0!&0+&%"#'( #"#( '-0,-*-#&( +0( '-%#( $0()3"!-''0';(*+%'( 94+,-*-#&( $+#'( '+( 39)"#'-(
-2&-3#-;(%*)"'+#&($0(*P*-(!"0)(+0(!"#&3Z,-03($-'(-2%4-#!-'('0)),9*-#&+%3-'.(?-'(
3-&+3$'( -&( '-'( %#&-3+!&%"#'( '"#&( &3Q'( '"0<-#&( :( Ȃȱ Ȃ'( +0( '-%#( $-'(
'7'&Q*-'(49#93+#&($-'(<+3%+&%"#'(-&(%*)"'+#&()+3(!"#'9A0-#&($-'(39)"#'-'(+$9A0+&-'(
ȱȂ·ȱ-($9'7#!13"#%'+&%"#($0('7'&Q*-.(
K-'( *"$Q,-'( Ȃȱ ·( '03( ,+( &19"3%-( $-'( '7'&Q*-'( !"#'%$Q3-#&( A0-( ,-'(
+!!%$-#&'(39'0,&-ȱȂȱȱȱ··ȱȂȱ¢¸ǯȱȱ¡ȱ
*"$Q,-'($-('9!03%&9( %#$0'&3%-,,-( BA0%('-(I"!+,%'-#&('03($-'(!"#$%&%"#'(#"#('t3-'C;( ,-'(
*"$Q,-'( Ȃȱ ¢·( !1-3!1-#&( :( %$-#&%I%-3( ,-'( '"03!-'( $-(
$7'I"#!&%"##-*-#&( %#&-3#-'( :( Ȃ¡ȱ ȱ :( Ȃȱ ȱ ¢¸;( -&( +02(
!+0'-'()"&-#&%-,,-'($Ȃ(ȱȱȂȱȱ··ǯ(
Ȃ)3"!1-('7'&9*%A0-(<"%&(,+('9!03%&9(!"**-(0#-()3")3%9&9(9*-34-#&-('03<-#+#&(
,"3'A0-( ,-'( 9,9*-#&'( %#&-3+4%''-ȱ ȱ ȱ Ȃȱ ǯȱ -'( )3")3%9&9'(
9*-34-#&-'(Ȱȱ¢ȱȱ ,+('9!03%&9(Ȱȱ'"#&(!"#&3Z,9-'()+3($%<-3'-'(!"#&3+%#&-'(,%9-'(
+0(!"*)"3&-*-#&($-'(9,9*-#&'($0('7'&Q*-.(K-'(+!!%$-#&'(+))+3+%''-#&( ,"3'A0-($-'(
%#&-3+!&%"#'( -#&3-( ,-'( 9,9*-#&'( -#I3-%4#-#&( !-'( !"#&3+%#&-'( "0( ,"3'($Ȃȱȱȱ
!"#&3+%#&-'.(
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1.4. Contrôle et sécurité 
K+( '9!03%&9( )-0&( $"#!( P&3-( <0-( !"**-( 0#( )3"5,Q*-( $-( !"#&3Z,-( ȱ ȱ Ȃȱ
'7'&Q*-.(Ȃ( '03<%-#&( ,"3'A0-( ,-( '7'&Q*-( $-( !"#&3Z,-( '-( 39<Q,-( %#!+)+5,-( $-(
*+%#&-#%3( -II%!+!-*-#&( 0#-( $9I+%,,+#!-;( 0#-( )-3&035+&%"#( -2&-3#-( "0( 0#(
$7'I"#!&%"##-*-#&( -#&3-( ,-'( 9,9*-#&'($0( '7'&Q*-.(ȱȱ Ȃȱȱ ȱ ȱ
H0+22$'5$)ǰȱ ȱ ȱ ·ȱ Ȃȱ ( )0( !"#&3Z,-3( $-( I+m"#( +))3")3%9-( ,-( 4+x(
)3")0,'-03(hK-<-'"#;(]``^i(j(,"3'($-(,+()-3&-($-(,+('"#$-(?+)-!@&2+);(,-(,"4%!ȱȂȱȱ
)0(!"#&3Z,-3(ȱȱȱȱȱȂ;(%*)0%''+#&(Ȃȱ·(:(!"*)3-#$3-(
A0-( ,-( G(530%&(H( )3"<-#+#&( $-'( 39&3"+!&%"#'( $-'( <+3%+5,-'( *-'039-'( %#$%A0+%&( A0-(
Ȃȱȱȱȱȱȱȱ¸ǯȱȱȱǰȱA0+#&($-'(-33-03'(
$-(!"#!-)&%"#;()-0<-#&(39'0,&-3(Ȃ0#(-#'-*5,-($-(!"#&3Z,-'(%#+$9A0+&'(Ȃȱ
&"0&(+0(,"#4($0($9<-,"))-*-#&($0('7'&Q*-.((
Ȃ( '"#&( 94+,-*-#&( %*)"'9'( )+3( ,-'( I"#!&%"#'( $-( *+#+4-*-#&( +0( '-%#( $-'(
"34+#%'+&%"#';(,-'(!"#&3Z,-'(,-('"#&(Ȃȱ³ȱ·ǯȱȱ-#A0P&-'(!"#'9!0&%<-'(
+02( +!!%$-#&'( $-( H0+22$'5$)( -&( $-( H&2*;3,+( hK-<-'"#;( ]``^i( "#&( )"%#&9( $0( $"%4&(
Ȃ·ȱ(!"#&3Z,-'($+#'(,-()3"!-''0'($-(,+#!-*-#&(-&($-($9<-,"))-*-#&($0(
'7'&Q*-;( +%#'%( A0-( $-'( -33-03'( $-( !"**0#%!+&%"#.( [,"3'( A0-( ,-'( 9<Q#-*-#&'( -&( ,-'(
!"*)"3&-*-#&'( 1.E+,22+'(-( 3-I,Q&-#&( ,+( )39'-#!-( Ȃȱ ·ȱ ȱ 0#-(
+)),%!+&%"#( %#+$9A0+&-( $-( !"#&3+%#&-'( $-( '9!03%&9;( ,-( !"#&3Z,-( %#+$9A0+&( )3"!Q$-(
A0+#&(:(,0%($-'(9<Q#-*-#&';(-&($"#!($0(!"*)"3&-*-#&($0('7'&Q*-.(K-'(9<Q#-*-#&'(
$9I+%,,+#&'( 9&+#&( $0'( :( 0#( !"*)"3&-*-#&( '7'&9*%A0-( $+#'( 0#( !"#&-2&-( $"##9;( %,'(
39'0,&-#&($"#!(Ȃȱâȱ·ȱȱȱȱ¢¸ǯȱȱ($-(!"#&3Z,-(
-,,-R*P*-( $"%&( P&3-( -2+*%#9-( +I%#( $-( $9&-3*%#-3( )"03A0"%( %,( -'&( %#+$9A0+&( $-(
*+%#&-#%3( $-'( !"#&3+%#&-'( '03( 0#( !"*)"3&-*-#&( 't3( -&( )"03A0"%( ,-'( 9<Q#-*-#&'(
'03<%-##-#&.(>+#'( ,-(!+'($-(H0+22$'5$);( ,-(!"*)"3&-*-#&(#"#('t3($-( ,+(#+<-&&-(Ȃȱ
&3+$0%&()+3(,-($9<-3'-*-#&($-(!"*50'&%5,-($-()3")0,'%"#(!1+0$()+3(0#(6"%#&(&"3%A0-.(
ȱȱȂ(ȱȱȱȱâȱȱȱȱȱȱâȱȂ···ǯȱȱ
)-3&-( $0( '7'&Q*-( -'&( ȱ ȱ ȱ Ȃȱ âȱ ·ȱ ȱ ȱ ȱ ȱ
!"#!-)&%"#($0('7'&Q*-.(
ȱ ȱ ȱ ȱ ·ȱ Ȃ¡ȱ ȱ ȱ ȱ
·ȱ ȱ Ȃ¡ȱ ȱ ȱ $9&-3*%#-3( :( A0-,( *"*-#&( $0(
·ȱȱȱ Ȃ¡ȱ(!"#&3+%#&-(ȱ··ȱȂȱȱȱȱ··ȱȱ
%#&9439-(+0('-%#($0('7'&Q*-.(
Kȱ·ȱȱ¢¸ȱȱȱȱȱȂ·ȱȱ¢¸ǰȱȱ
'"#&( <0'( !ȱ ȱ ȱ ··ȱ¹ȱ Ȃȱ ( ·ȱ Ȃ··ȱ ·ȱ ȱ
')9!%+,%'9'.(ȂȱȱȱȂ·ȱȱR¢¸ȱȱȱȂȱ¢¸ȱ
ȱ ȱ ȱ ȱ ȱ Ȃȱ Ȃȱ ȱ ¥ȱ ȱ Ȃ¡ȱ ȱ ȱ
¸ȱȱȱ·ǯȱȂȱȱȱȱȱ¢¸ȱȱ
'"0<-#&($-(!"#'-#&%3(:($-'(!"*)3"*%'()+3*%(!-'(!3%&Q3-'($-(!"#!-)&%"#.(
W#-( +))3"!1-( $-( '9!03%&9( -#( %#49#%-3%-( $-'( '7'&Q*-'( )"'&0,-( A0-( !-3&+%#-'(
)3")3%9&9'( B9*-34-#&-'C( $-'( '7'&Q*-';( !"**-( ,+( '9!03%&9;( #-( )-0<-#&( P&3-(
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+))391-#$9-'($+#'(,-03(·ȱȂ(!"#'%$93+#&(&"0&-'(,-'(<+3%+5,-'(+%#'%(A0-(,-'(
+')-!&'('"!%+02(-&(&-!1#%A0-'.(
D+3( !"#'9A0-#&;( Ȃ( Ȃȱ R'7'&Q*-( "0( $-'( 9,9*-#&'( #-( '+03+%&(
*-#-3( ¥ȱ Ȃȱ ȱ ¢¸(j( -#( I+%&;( Ȃ·ȱ Ȃȱ R'7'&Q*-( )-0&(
*P*-(ȱ Ȃ·ȱ ȱ ȱȱȱ ¢¸ȱ ȱ ȱȱ ȱ #"#(
,%#9+%3-'(-#&3-(,-'(9,9*-#&'.(>-(),0';(,-(!"*)"3&-*-#&($-'(9,9*-#&'(#-()-0&()+'(P&3-(
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2. Les concepts du modèle STAMP 
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2.1. Les contraintes de sécurité 
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2.2. Les structures hiérarchiques de contrôle de la sécurité 
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Figure 12 Ŷ 5HSUpVHQWDWLRQJpQpUDOHG¶XQHVWUXFWXUHGHFRQWU{OHVRFLR-technique 
adapté de Leveson [Leveson, 2005] 
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Figure 13 Ŷ Boucle de contrôle de processus 
adapté de Leveson [Leveson, 2007] 
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Figure 14 Ŷ Processus 
automatisé mais supervisé par 
un contrôleur humain 
Adapté de Leveson [Leveson, 
2005] 
(
Figure Ŷ15 ŶProcessus 
contrôlé par opérateur 
humain avec une 
assistance automatisée 
adapté de Leveson 
[Leveson, 2005] 
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Tableau 4 Ŷ Classification des erreurs de contrôle menant à des dangers 
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3. /¶DQDO\VHGHVGangers STPA fondée sur le modèle 
STAMP 
?-&&-( &3"%'%Q*-( '-!&%"#( )39'-#&-( ȱ ȱ Ȃ¢ȱ ;( 0#-( +#+,7'-( $-'(
$+#4-3'( $9<-,"))9-( :( )+3&%3( $0(*"$Q,-(ȂȱLE[8Dǯȱ Ȃ¢ȱ ȱ ȱ
LED[( BG(9=>?@<3+-$1! >'+2:-,-(HC( +( 9&9( $9!3%&-( )+3( J+#!7( K-<-'"#( -&( '"#( 9A0%)-(
hK-<-'"#;(]``^(j(>0,+!;(]``a(j(>+"0p;(]``a(j(L&3%#4I-,,"l;(]``_i.(?-&&-(+#+,7'-('-(I%2-(
$-02()3%#!%)+02("56-!&%I';(A0%('"#&( %!%( '0!!-''%<-*-#&()39'-#&9'(Ǳȱ Ȃ-#A0P&-(+!!%$-#&(
'"0'(,-'(+#4,-'('&+&%A0-(-&($7#+*%A0-;(ȱȂ·ȱȱȱ'9!03%&9.(
3.1. 673$SRXUO¶DQDO\VHG¶Dccident9 
Ȃ¢ȱ ȱ ȱ ȱ -'&( 0#( )3"!-''0'( %&93+&%I( I"#$9( '03( ,-( *"$Q,-(
Ȃȱ ȱ ȱ Ȃ¢ȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ ǯȱ
>+#'( LED[;( ,-( '7'&Q*-( -'&( <0( !"**-( 0#( -#'-*5,-( $-( 5"0!,-'( $-( !"#&3Z,-(
ȱ ȱ ǯȱ Ȃȱ ȱ ȱ ȱ ȱ âȱ ·ǯȱ Ȃȱ
9&+#&;( $+#'( 0#-(·ȱ Ȃ-#A0P&-( +!!%$-#&;( $-(*-&&3-( -#( -2-340-( ,-'( +!&%"#'( $-(
âȱȱȱȱȂȱ43+&%"#(<-ȱȂ·ȱǯ(
ȱ ¢ȱ Ȃȱ ( $950&-( )+3( 0#-( %$-#&%I%!+&%"#( $-'( $+#4-3'(
G('7'&Q*-(H( +I%#( $-( ,-'( &3+$0%3-( -#( !"#&3+%#&-'( $-( '9!03%&9( :( 0#( #%<-+0( '&3+&94%A0-.(
Ȃ·ȱ'0%<+#&-($9I%#%&(,+('&30!&03-($-(!"#&3Z,-($-(,+('9!03%&9(-#(*-&&+#&(-#(9<%$-#!-(
,-'(!"#&3Z,-'(-&(39&3"+!&%"#'(¥ȱȂêȱ+0('-%#($0('7'&Q*-.(?-&&-('&30!&03-($-(!"#&3Z,-(
$-( ,+( '9!03%&9( -'&( 0&%,%'9-( !"**-( 0#( G(40%$-(H( ȱ ȱ Ȃ¹ȱ ȱ ȱ
!"#&3Z,-( $-( ,+( 1%93+3!1%-( -'&( 9<+,09( -#(*+&%Qȱ Ȃǯȱ ȱ ȱ ȱ
+!&%"#'( $-( !"#&3Z,-( %#+$9A0+&-'( '-3&( :( )39!%'-3( ,-'( !"#&3+%#&-'( $-( '9!03%&9(
%#+$9A0+&-*-#&( +)),%A09-'.( S#I%#;( +)3Q'( +<"%3( %$-#&%I%9( ,-'( +!&%"#'( $-( !"#&3Z,-(
$+#4-3-0'-'(+7+#&(ȱȱ¥ȱȂǰȱȱȱ'"#&(I"3*0,9-'.(
>-02( &7)-'( $-( *"$Q,-';( ·ȱ ȱ ȱ ¡ȱ ȱ Ȃ¢;( '"#&(
··ȱ·ȱ¥ȱȂ·ȱȂȱ.(K-()3-*%-3(-'&(0#(*"$Q,-(-(+(,4*$(
ȱâȱȱȱ··ȱȱȱȱȂȱȱ¢¸ȱȱ
+%#'%(A0-(,-'(%#&-3+!&%"#'(+0('-%#($-(!-('7'&Q*-(f(
Ŷ ,-'(-2%4-#!-'(-&(,-'(!"#&3+%#&-'($-('9!03%&9(-#(),+!-(j(
Ŷ ,-'(+!&%"#'($-(!"#&3Z,-'($9I+%,,+#&-'(j(
Ŷ ,-( !"#&-2&-( B'"!%+,;( )",%&%A0-;( 9!"#"*%A0-;( -#<%3"##-*-#&+,ǳC( +0( *"*-#&( $-(
Ȃ(j(
Ŷ ,-'($9I+0&'($+#'(,-'(*"$Q,-'(!"4#%&%I'($-'(+!&-03'($0('7'&Q*-(j(
Ŷ ȱ ·ȱ ȱ ǰȱ ȱ ȱ ȱ Ȃ-3+!&%"#( $-'( +!&-03'( $0(
'7'&Q*-.(
(((((((((((((((((((((((((((((((((((((((((((((((((
d(>%<-3'ȱ¢ȱȂȱȱ ȱ¸ȱȂȱȱȱ ȱ Ȃȱȱȱ ǽǰȱ
]``](j(K-<-'"#;(>+"0p;(>0,+!;(8+3+%';(]``^(j(8+3+%';(]``a(j(J-,'"#;(]``ei.(
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W#('-!"#$(*"$Q,-;(1:'+;,4*$( -&()"3&+#&('03( ,-(!"*)"3&-*-#&;(<%'-(A0+#&(:( ,0%(:(
!"*)3-#$3-( ,-( !"*)"3&-*-#&( $0( '7'&Q*-( +0( *"*-#&( ȱ Ȃȱ ȱ ȱ ȱ
ȱȂȱ·ȱȍ('t3(H(<-3'(0#(9&+&(+!!%$-#&-,.(
?-'( *"$Q,-'( '"#&( 0&%,%'9'( )"03( !"*)3-#$3-( 0#( +!!%$-#&( -&( <+,%$-3( $-'(
+*-#$-*-#&'( :( +))"3&-3( :( ,+( !0,&03-( $-( '9!03%&9( Ȃȱ ¢¸ȱ *%'( :( *+,( )+3(
Ȃǯȱȱȱ¹ȱ¡·ȱȱ·ȱȱ¢ȱȱȱȂȱȱ
-&( $9&-!&-3( '%( ,-( #%<-+0( $-( '9!03%&9( +( +&&-%#&( 0#( #%<-+0( %#+!!-)&+5,-( *-#+#&(
··ȱ ¥ȱ Ȃǯȱǰȱ ȱ¸ȱȱȂ·ȱ ȱ ȱ
)"&-#&%-,'($-'(!1+#4-*-#&'(-&($-'($9!%'%"#'(+7+#&(*"$%I%9(ȱȱȂȱ¢¸;(
,-(I+%'+#&(*%43-3(<-3'(0#(9&+&(+!!%$-#&-,.(
Kȱ Ȃȱ -#A0P&-( +!!%$-#&;( ,Ȃ¢ȱ ȱ ȱ ·ȱ ȱ ¡ȱ ǰȱ Ȃ0#-(
'&+&%A0-(-&(Ȃǰ($7#+*%A0-;($"#&(,-'(9&+)-'('"#&(3-)3%'-'($+#'(,+(I%403-(\b.(
3.1.1. Phase statique 
K+()1+'-(ȱȱȂ¢ȱȱȱȱ·(f(
Ŷ 9&+)-(\(f(+#+,7'-()39,%*%#+%3-($-'(3%'A0-'(G('7'&Q*-(H(-&($9I%#%&%"#($-'(-2%4-#!-'(
-&($-'(!"#&3+%#&-'(G('7'&Q*-(H(j(
Ŷ 9&+)-( ](f( 9&+5,%''-*-#&( $-( ,+( '&30!&03-( $-( !"#&3Z,-( $-( ,+( '9!03%&9( B3Z,-'( -&(
3-')"#'+5%,%&9'($-'(9,9*-#&'(-&(*9!+#%'*-'($-(39&3"+!&%"#C(j(
Ŷ 9&+)-(^(f( %#&943+&%"#($-'( -2%4-#!-'( G('7'&Q*-(H( -&($-'( !"#&3+%#&-'( G('7'&Q*-(H( +0(
#%<-+0($-'(9,9*-#&'(j(
Ŷ 9&+)-( a(f( -2+*-#( $-( ,+( '&30!&03-( $-( !"#&3Z,-( -&( $-'(*"$Q,-'( $-( )3"!-''0'( )"03(
+#+,7'-($9&+%,,9-($-'(!"#&3Z,-'(%#+$9A0+&'(j(
Ŷ 9&+)-( c(f( !+&94"3%'+&%"#( B%**9$%+&;( ,"#4( &-3*-;( '&+#$+3$C( -&( 4-'&%"#( $-'( 3%'A0-'(
B$9I+0&'($-'(5"0!,-'($-(!"#&3Z,-C.(
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( (
Figure 16 Ŷ Processus STPA en enquête accident 
adapté de Leveson et Daouk [Leveson, Daouk, 2004] 
Ź ÉTAPE 1 ʊ ANALYSE PRÉLIMINAIRE DES RISQUES ET DÉFINITIONS DES EXIGENCES ET 
DES CONTRAINTES « SYSTÈME » 
?-&&-( ¸ȱ ·ȱ ȱ Ȃȱ ȱ ¡ȱ ȱ ȱ ¸ȱ ȱ
'9!03%&9($+#'(,-('7'&Q*-.(
E?QR5!/S(ȰȱȱȂ0#-(-#A0P&-(+!!%$-#&;(0#-(+#+,7'-()39,%*%#+%3-($-'(3%'A0-'(-&(
$-'($+#4-3'(-'&(-II-!&09-(+0('-%#($0('7'&Q*-(+!!%$-#&(:(0#(#%<-+0(G('7'&Q*-(H(+I%#($-(
$9I%#%3( ,-'( -2%4-#!-'( -#(*+&%Q3-($-( '9!03%&9( +%#'%(A0-( ,-'( !"#&3+%#&-'( -#( '9!03%&9($0(
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'7'&Q*-.( S,,-( )-3*-&( 'ȱ ȱ ȱ ȱ ¡ȱ ȱ ȱ ȱ Ȃȱ ȱ ··ȱ
%$-#·ȱȱȱȱȂǯ(
TU!CEVR(Ȱȱ?"**-($+#'(&"0&-(+#+,7'-($-'($+#4-3'(G('7'&Q*-(H;(!-'(-2%4-#!-'(-&(
ȱ ȱ ȱ ȱ Ȃ¡ȱ ȱ ·ȱ ǰȱ ȱ
$7'I"#!&%"##-*-#&'(+0(#%<-+0($-'( %#&-3+!&%"#'("0($-(!"#$%&%"#'(#-()-3*-&&+#&()+'(
$-(*+%#&-#%3(,-(!"#&3Z,-($0('7'&Q*-.(
ȱȱȱȂȱ-#A0P&-(+!!%$-#&;(0#($+#4-3('7'&Q*-(3-'&-(4,"5+,(-&(!"#!-3#-(
Ȃȱȱ¢¸ǯȱ(ȱȂ¡ǰȱȱȱ¹&3-($9I%#%(!"**-(G(0#-(%#49#%-3%-(
ȱȱ¢¸ȱȱȱȱ·ȱȱȱ¥ȱȂ!%$-#&(H.(
w( )+3&%3( $-( !-( $+#4-3;( %,( $-<%-#&( )"''%5,-( $-( $9&-3*%#-3( $-'( -2%4-#!-'( -&( $-'(
!"#&3+%#&-'(-#('9!03%&9(:(0#(#%<-+0(G('7'&Q*-(H(f(
Ŷ ,+('9!03%&9($"%&(P&3-(0#-()3%"3%&9(-#(!"#!-)&%"#(-&($+#'(,-'()3"!-''0'($-($9!%'%"#(j(
Ŷ ,-'( $9!%'%"#'( !"#!-3#+#&( ,-'( A0-'&%"#'( $-( '9!03%&9( $"%<-#&( P&3-( &3+%&9-'( )+3( $-'(
-2)-3&'(j(
Ŷ ,-'(+#+,7'-'($-( '9!03%&9($"%<-#&(P&3-($%')"#%5,-'(-&($950&9-'( ,-(),0'( &Z&()"''%5,-(
$+#'(,-(!7!,-($-(<%-($0('7'&Q*-.(
?1+)*+#( -&( Y+3$( "#&( &7)","4%'9( ,-'( $%II93-#&'( &7)-'( $-( $+#4-3'( '0'!-)&%5,-'(
ȂP&3-()39'-#&'(:(0#(#%<-+0(G('7'&Q*-(H(h?1+)*+#(-&(Y+3$;(]``^i(f(
Ŷ ,-'( $+#4-3'( +''"!%9'( +02( -'&%*+&%"#'( $0( '7'&Q*-( +!!%$-#&( '-( &3+$0%'+#&( )+3( $-'(
-2%4-#!-'(-#(&-3*-'($-(&-*)';($-(!"t&'(-&($-(A0+,%&9.(?-'($+#4-3'()-0<-#&(+%#'%(
P&3-(f(
± 0#( *+#A0-( $-( !,+3&9( $+#'( ,+( $9ȱ Ȃ¡ȱ ȱ
!"#!-)&%"#u$9<-,"))-*-#&( $"#&( ,-( 3%'A0-( '-3+%&( 0#-( -2),"%&+&%"#( %#+$9A0+&-(
ȱ¢¸ȱȱ¥ȱȂ·ȱ(j(
± 0#( *+#A0-( $-( *+T&3%'-( $+#'( 0#( $"*+%#-( A0%( +5"0&%3+%&( :( 0#-( +!&%"#( $-(
!"#&3Z,-(%#+$9A0+&-(j(
± ,+( '03<-#+#!-( Ȃ·¸( #"#( )39<0'( )"0<+#&( !+0'-3( $-'( )-3&-'( ,"3'( $-(
Ȃ¡ȱȱ¢¸ȱǻǯȱȱȱȱȍ(!"*),-2%&9(%#&-3+!&%<-(H($-(D-33"l(
$9I%#%-(+0(!1+)%&3-(\;({(a.\(hD-33"l;(\deaiC(
Ŷ ,-'( $+#4-3'( !"#!-3#+#&( ,+( !"#!-)&%"#( -&( ,+( ,"4%'&%A0-( $0( '7'&Q*-( +!!%$-#&( B,-(
)3"!-''0'($-(!"#!-)&%"#($0('7'&Q*-(+!!%$-#&(+R&R%,(9&9(3-')-!&9(|C(j(
Ŷ ,-'($+#4-3'(!"#!-3#+#&( ,-'("56-!&%I'($0('7'&Q*-.(?-'($+#4-3'()-0<-#&( %*),%A0-3(
$-'(*"$%I%!+&%"#'(-#(!"#!-)&%"#;(<"%3-($-'(!"*)3"*%'( %*)"3&+#&'.(M,(-'&($+#'(!-(
!+'( %*)"3&+#&( $-( $9I%#%3( $-'( 3-')"#'+5%,%&9'( !,+%3-'( -&( !"*),Q&-'( )"03( !1+A0-(
9,9*-#&($0('7'&Q*-(+!!%$-#&(BC8(q&+)-(]C(j(
Ŷ -#I%#;($-(#"*53-02($+#4-3'()-0<-#&('03<-#%3(+<+#&(,+('03<-#0-(Ȃȱȱȱ
3+%'"#( $-'( %#&-3+!&%"#'( -#&3-( ,-'( $%II93-#&'( 9,9*-#&'( $0( '7'&Q*-.( ?-'( 3-,+&%"#'(
)-0<-#&( -#( -II-&( P&3-( !"*),-2-'( -&( -#4-#$3-3( !-3&+%#'( !"#&3Z,-'( %#+$9A0+&';(
#"&+**-#&($0'(f(
± :(0#-($9I%#%&%"#(%#!"33-!&-($-'(3-')"#'+5%,%&9'($-'(9,9*-#&'(BC8(q&+)-(]C(j(
± :(0#-()-3!-)&%"#(%#+$9A0+&-($0(3Z,-(-&($-(,+(3-')"#'+5%,%&9($-'(9,9*-#&'(j(
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± :(0#-(!"**0#%!+&%"#(%#+$9A0+&-(-#&3-(,-'(9,9*-#&'(BC8(q&+)-(aC(j(
± +02(I"#!&%"##+,%&9'($-'(9,9*-#&'(j(
± :( 0#-( !"*)391-#'%"#( %#+$9A0+&-( $-'( $"!0*-#&'( $-( $9<-,"))-*-#&( -&(
Ȃ¡(j(
± :( $-'( *9!+#%'*-'( %#+$9A0+&'( $-( !""3$%#+&%"#( -&( $-( !"#&3Z,-( +0( '-%#( $0(
'7'&Q*-.(
Ź ÉTAPE 2 Ȱ ÉTABLISSEMENT DE LA STRUCTURE DE CONTRÔLE DE LA SÉCURITÉ (RÔLES 
ET RESPONSABILITÉS DES ÉLÉMENTS ET MÉCANISMES DE RÉTROACTION) 
?-&&-( $-02%Q*-( 9&+)-( )-3*-&( ,+( !"#'&30!&%"#( $-( ,+( '&30!&03-( $-( !"#&3Z,-( $-( ,+(
··ȱȱ¥ȱȂ·ȱŗȱȱ¥ȱȂȱȱâȱȱȱ·ȱȱȱ
··ȱȱȱȱȂǯ(
E?QR5!/S(Ȱȱȱ ·ȱȱ Ȃ·ȱȱ ȱ ȱȱ â( $-( ,+(
'9!03%&9($0('7'&Q*-(+!!%$-#&(BC8!I%403-(\]C(%#!,0+#&(,-'(3Z,-'(-&(,-'(3-')"#'+5%,%&9'($-(
!1+A0-(9,9*-#&(+0''%(5%-#(,-'(9,9*-#&'($-(!"#&3Z,-(A0-($-(39&3"+!&%"#'()"03(!1+!0#(
$-( !-'( 9,9*-#&'( +0( G(*"*-#&(Ȏȱ ȱ Ȃǯ( ?-&&-( 9&+)-( )-3*-&( $"#!( ,'! E,'$! $-(
·ȱ ȱ Ȃ·ȱ ȱ ȱ ȱ âȱ ȱ ȱ ··ȱ ȱ ¢¸ȱ ȱ ȱ
$9<-,"))9-()+3(J+#!7(K-<-'"#(hK-<-'"#;(]``ai.(
?1+A0-( #%<-+0( "0( 9,9*-#&( $-( ,+( '&30!&03-( $-( !"#&3Z,-( )"''Q$-( $-'( 3Z,-'( -&( $-'(
3-')"#'+5%,%&9'(A0%()-3*-&&-#&(ȱȂȱȱ,-'(!"#&3+%#&-'(-#('9!03%&9($-'('7'&Q*-'(
9&+%-#&( +)),%A09-'( "0( )+'.( K-'( 9,9*-#&'( $0( '7'&Q*-( :( %#!,03-( +%#'%( $9I%#%';( %,( -'&(
#9!-''+%3-($-(*"$9,%'-3(,+('&30!&03-($-(!"#&3Z,-($-(,+('9!03%&9.(
TU!CEVR(ȰȱK+()3-*%Q3-( )1+'-( $-( ,+( !39+&%"#($-( ,+( '&30!&03-( $-( !"#&3Z,-( $-( ,+(
'9!03%&9(Ȃȱȱ·(ȱȂȱȱȂ7(ȱȱȂ-#(-2!,03-(j(!-&&-()1+'-(
-'&( $"#!( )3"!1-( ȱ ȱ ȱ ȱ ·ȱ ȱ ȱ Ȃȱ ¸ȱ ȱ Ȃȱ
ȱ ȱ ·ȱ ¢ǯȱ ȱ ȱ ·ȱ Ȃȱ ȱ Ȃ¢ȱ -'(
+!&-03'( A0%( "#&( )0( +<"%3( 0#( %*)+!&( %#$%3-!&( '03( ,-( '7'&Q*-.([%#'%;( !1"%'%3( ,+( ,%*%&-(
Ȃȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ ȱ ·ȱ ȱ ȱ
Ȃȱ ¹ȱ ȱ ùȱ ȱ ȱ ··ȱ ȱ ȱ Ȃȱ
!"#'9A0-#!-'.( W#-( ȱ ȱ ȱ ·ȱ ȱ ·ȱ Ȃȱ ȱ
ȱ ȱ ȱ ȱ ¹ȱ ·ȱ Ȃ¥ȱ Ȃȱ Ȃ¢ȱ ·ǯȱ
K-'('7'&Q*-'(9<",0-#&(+0(!"03'($0(&-*)'(-&(,-'(9,9*-#&'(:(%#!,03-("0(#"#($+#'(0#-(
+#+,7'-( )-0<-#&( P&3-( *"$%I%9'( !+3( $-'( !1+#4-*-#&'( '&30!&03-,'( '"#&( '0'!-)&%5,-'(
Ȃȱȱȱȱȱȱ¢ȱȂȱ¢¸ǯȱȱȱȱ
,-(!"*)"3&-*-#&;(A0%(,0%R*P*-()3"<"A0-($-'(!1+#4-*-#&'('&30!&03-,'(-&()-0&(*-#-3(
:($-'(%#&-3)39&+&%"#'($%II93-#&-'.(K-(*"$Q,-(+%#'%(A0-(,-'(+#+,7'-'($"%<-#&(I+%3-()+3&%-(
Ȃȱ¢ȱȱ¥ȱȱȂȱȱȱ··ȱȱ¢¸ȱȱȱȱ
$+#4-3'( -&( ,-'( +#+,7'-'( $"%<-#&( P&3-( 3-<0';( *%'( :( 6"03( -&( )39!%'9'( &"0&( +0( ,"#4( $-(
Ȃ¹ȱǯ(
>0,+!( $9I%#%&( 0#-( ,%'&-( #"#( -21+0'&%<-;( $-'&%#9-( :( I+!%,%&-3( ,+( !+3+!&93%'+&%"#( -&(
Ȃ·ȱ Ȃȱ ȱ ȱ âȱ ȱ ȱ ··ȱ ȱ :( )-3*-&&3-( $+#'( 0#(
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ȱȱȱȱȂȱ¸ȱ¢ȱȱ¢¸(B&+5,-+0(cC(h>0,+!;(
]``_i.(
(
V=M%$177%)%0*&'2&(I(*,)%& RA7$1+*"*+10&'2&(I(*,)%&
K"%'(-&(3Q4,-*-#&'( K"%'(-&(3Q4,-*-#&'(
[4-#!-'(#+&%"#+,-'(-&(4"0<-3#-*-#&+,-'( [4-#!-'(#+&%"#+,-'(-&(4"0<-3#-*-#&+,-'(
[''"!%+&%"#'(%#$0'&3%-,,-'( [''"!%+&%"#'(%#$0'&3%-,,-'(
[''"!%+&%"#'($-(!"#'"**+&-03'( [''"!%+&%"#'($-(!"#'"**+&-03'(
ȱȂ( ȱȂ(
	ȱȂ( 	ȱȂ(
=-'&%"#($-()3"6-&( 	ȱȂ¡(
M#49#%-3%-($-($9<-,"))-*-#&( ·ȱȂ¡(
[#+,7'&-('9!03%&9(-#($9<-,"))-*-#&( L)9!%+,%'&-(3%'A0-'()3"I-''%"##-,'(
8%'-(:(#%<-+0($0('7'&Q*-( 8+%#&-#+#!-($0('7'&Q*-(
[''03+#!-(BA0+,%&9;('9!03%&9;(-&!.C( ȱȂ¡ȱǻA0+,%&9;(
'9!03%&9;(-&!.C(
r+53%!+&%"#( r"03#%''-03B'C(
?"#&3+!&+#&B'C( ?"#&3+!&+#&B'C(
Tableau 5 Ŷ Liste des éléments pour une structure de contrôle 
adapté de Dulac [Dulac, 2007] 
M,( -'&( 5"#($-( )39!%'-3( ,-'( -#&39-'( -&( ,-'( '"3&%-';( ,-'( 3Z,-'( -&( ,-'( 3-')"#'+5%,%&9'( $-(
!1+!0#;( ,-'( +!&%"#'( $-( !"#&3Z,-( )"&-#&%-,,-*-#&( %#+$9A0+&-'( -&( ,-'( -2%4-#!-'( $-(
39&3"+!&%"#'.( Mȱȱ·ȱ ·ȱȂ+6"0&-3( ,-'(I+!&-03'(-#<%3"##-*-#&+02(-&(
,-'( $%II93-#&'( !"#&3Z,-'( -#( ),+!-.( K"3'( $-( !-&&-( 9&+)-;( %,( -'&( -''-#&%-,( $-( *-&&3-( -#(
9<%$-#!-( ,-'( $%II93-#&-'( 3-')"#'+5%,%&9'( ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ ȱ
·ǯȱȂ"0&($-(3-')"#'+5%,%&9'()-0&(<-#%3(!"*),9&-3(0#-(-#A0P&-(+!!%$-#&(
ȱ ȱ ȱ ȱ ȱ ·ȱ Ȃ¡ȱ ȱ ȱ ȱ
··ǯȱȱ·ȱȱȂ¢ȱȱȱȱȱȱȱȱ
-2%'&-;('"%&('03(0#-(#"0<-,,-(!"#!-)&%"#(A0%('+&%'I+%&(+02(-2%4-#!-'(-&(+02(!"#&3+%#&-'(
$0( '7'&Q*-.( ?-&&-( '&30!&03-( $-( !"#&3Z,-( )3-#$( -#( !"*)&-( ,-'( 3Z,-'( -&( ,-'(
3-')"#'+5%,%&9'( $-( !1+A0-( 9,9*-#&( -&( +0&"3%'-( +%#'%( 0#-( !"*)391-#'%"#( $-( ,+(
ȱȱȱȱȂǯ(
Ź ÉTAPE 3 Ȱ INTÉGRATION DES EXIGENCES « SYSTÈME » ET DES CONTRAINTES 
« SYSTÈME » AU NIVEAU DES ÉLÉMENTS 
ȱ·ȱȱȱȂ·ȱȱ¡ȱ ·ȱ ȱȱ Ȃ·ȱŗȱȱ
'-%#($-(!1+A0-(9,9*-#&($-(,+('&30!&03-($-(!"#&3Z,-.(
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E?QR5!/S(ȰȱȂ·($-'(-2%4-#!-'(-&($-'(!"#&3+%#&-'('7'&Q*-($9I%#%-'(,"3'($-(
Ȃ·ȱŗȱȱȂȱȱȱȱȱ··ȱȱȱȱȱâȱȱ
ȱ··ȱ·ȱȱȱȂ·ȱŘǯ(
TU!CEVR(Ȱȱ?-&&-(9&+)-()3-#$(-#(!"*)&-(!1+!0#($-'(9,9*-#&'($-(,+('&30!&03-($-(
!"#&3Z,-( $-( ,+( '9!03%&9( -&( $9I%#%&( ȱ ȱ Ȃ¡ȱ ȱ 3+%#&-'( $-( '9!03%&9(
!"#I"3*-'( ¥ȱ ȱ ·ȱ ȱ ȱ Ȃ·ȱ ŗ;( &"0&( -#( %#&943+#&( Ȃ·ȱ
%#&-3+!&%"#'.( ?-'( -2%4-#!-'( -&( !-'( !"#&3+%#&-'( !"33-')"#$-#&( +02( 3-')"#'+5%,%&9'( -#(
*+&%Q3-($-('9!03%&9()"03(!1+A0-(9,9*-#&($0('7'&Q*-(+!!%$-#&.(
Exigence et contrainte de sécurité 
« système accident» 
« Les dernières « normes et réglementations » en matière 
de sécurité doivent être appliquées au niveau du système 
afin de préserver la sécurité des employés se trouvant au 
niveau GHODJHVWLRQGHO¶HQWUHSULVH ». 
Ź ÉTAPE 4 Ȱ EXAMEN DE LA STRUCTURE DE CONTRÔLE ET LES MODÈLES DE PROCESSUS 
POUR UNE ANALYSE DÉTAILLÉE DES CONTRÔLES INADÉQUATS 
K+(A0+&3%Q*-(9&+)-(-'&(0#(-2+*-#($-(,+('&30!&03-($-(!"#&3Z,-(+I%#(Ȃȱȱ
!"#&3Z,-'(·ȱ¢ȱȱ·ȱ¥ȱȂǯ(
E?QR5!/S(Ȱ(W#-(+#+,7'-($9&+%,,9-($-'(!"#&3Z,-'(%#+$9A0+&'(-'&(3-A0%'-(,"3'($-(!-&&-(
9&+)-.(S,,-()-3*-&($-($9I%#%3(,-'(!"#&3Z,-'(%#+$9A0+&'(+7+#&()0(6"0-3(0#(3Z,-($+#'(,+(
ȱȱȂǯ(
D"03( !-( I+%3-;( %,( -'&( )"''%5,-( $-( $%'&%#40-3( A0+&3-( &7)-'( '0%<+#&'( $-( !"#&3Z,-'(
%#+$9A0+&'(f(
Ŷ 0ȱȱȱâȱȂȱȱ··ȱ¡··(j(
Ŷ 0#-(+!&%"#($-(!"#&3Z,-(%#!"33-!&-("0(#"#('t3-(+(9&9(-29!0&9-(*-#+#&(:(0#-()-3&-(j(
Ŷ 0#-(+!&%"#($-(!"#&3Z,-()"&-#&%-,,-*-#&(!"33-!&-(+(9&9(-II-!&09-(&3")(&Z&;(&3")(&+3$;(
"0(:(0#(*+0<+%'(*"*-#&(j(
Ŷ 0#-(+!&%"#($-(!"#&3Z,-(!"33-!&-(+(9&9('&"))9-(&3")(&Z&.(
TU!CEVR(ȰȱȱȱȱȱȱȱâȱȱȱȱȂ·ȱŘȱȱȱ
3-')"#'+5%,%&9'(+%#'%(A0-($-'(*9!+#%'*-'($-( 39&3"+!&%"#( ·ȱ ȱȱ Ȃ·ȱřǰȱ
,-'( !"#&3Z,-'( %#+$9A0+&'( )-0<-#&( P&3-( $9I%#%'.( K-( 50&( -'&( $-( I"3*0,-3( )"03( !1+A0-(
#%<-+0( 1%93+3!1%A0-( ,-'( +!&%"#'( $-( !"#&3Z,-( %#+$9A0+&-'.( ?-'( $%II93-#&-'( +!&%"#'(
ȱ ȱ ȱ ȱ ȱ ȱ ·ȱ ȱ ȱ Ȃȱ
+!!%$-#&.(
Exemple appliqué à la figure 12 
Le niveau hiérarchique « JHVWLRQ GH O¶HQWUHSULVH » ne 
fournit pas de normes de sécurité au niveau inférieur. Ce 
contrôle inadéquat SHXWrWUHFDUDFWpULVWLTXHG¶XQPDQTXH
de communication entre niveaux hiérarchiques. 
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Ź ÉTAPE 5 Ȱ CATÉGORISATION (IMMÉDIAT, LONG TERME, STANDARD) ET GESTION DES 
RISQUES (DÉFAUTS DE BOUCLES DE CONTRÔLE) 
ȱȂȱȱȱ·ȱȱȱȱȂȱ¥ȱȱȱ'-,"#(,-03(%*)+!&('03(
,-( '7'&Q*-;( -#( !1-3!1+#&( :( $9&-3*%#-3( :( A0-,( -#$ȱ Ȃȱ "0!,-( $-( !"#&3Z,-( !-'(
3%'A0-'("#&()0(6"0-3(0#(3Z,-.(
E?QR5!/S( Ȱȱ W#-( )3-*%Q3-( ·ȱ ȱ ȱ ·ȱ ȱ Ȃȱ
·ȱ ȱ ȱ ·ȱ Ȃȱ Ȃȱ ȱ âȱ ·ȱ ȱ ȱ
!"*)"3&-*-#&($0(¢¸ȱ¢ȱȱȱ¥ȱȂ-#&.(D0%';(,-'($9I+0&'($-(!"#&3Z,-(
'"#&( &3+%&9'( -#( $9&-3*%#+#&( ,-'( )3"!-''0'( +7+#&( *-#9( ¥ȱ ȱ ȱ Ȃȱ ȱ ȱ
ȱȱȱ··ȱȱȱȱȂǯ(
TU!CEVR(ȰȱȱȂȱȱ(,-'(+!&%"#'($-(!"#&3Z,-(+7+#&()0(+<"%3(0#(3Z,-($+#'(
ȱȱȱ¢¸ȱȱȂǯȱȱȱȱ¢ȱȱ(f(
Ŷ ,-'( 3%'A0-'(:(4-'&%"#( %**9$%+&-(f( !-'( 3%'A0-'( !+3+!&93%'-#&($-'($+#4-3'( +7+#&(0#(
%*)+!&(%**9$%+&('03(,-(#%<-+0($-('9!03%&9($0('7'&Q*-(j(
Ŷ ,-'(3%'A0-'(:(4-'&%"#(:(,"#4(&-3*-(f(!-'(3%'A0-'(!+3+!&93%'-#&($-'($+#4-3'()"0<+#&(
P&3-(&3+%&9'('03($0(,"#4(&-3*-(-&(#-($-*+#$+#&()+'(0#-(4-'&%"#(%**9$%+&-(j(
Ŷ ,-'( 3%'A0-'( :( 4-'&%"#( '&+#$+3$(f( !-'( 3%'A0-'( !+3+!&93%'-#&( $-'( $+#4-3'( #-(
$-*+#$+#&()+'(0#-(4-'&%"#()+3&%!0,%Q3-("0(034-#&-.(
w( ȱ Ȃȱ ȱ ȱ âǰȱ ȱ ȱ ȱ âȱ ¢ȱ ·ȱ ¥ȱ
,Ȃȱȱ¹ȱ¢·'(BC8(I%403-(\aC.(S#(-II-&;(,-'(+!!%$-#&'(39'0,&+ȱȂȱ
ȱȱâȱ ·ǰȱ ȱȱȱ¥ȱ Ȃȱȱ¹ȱ %#&-3)39&9(
!"**-( ,+( )39'-#!-( $-( ·ȱ ȱ ȱ ·ȱ ȱ ȱ Ȃ¡ȱ ȱ
'7'&Q*-.(?-'($9I+0&'( '-( &3"0<-#&($+#'( ,-'(5"0!,-'($-( !"#&3Z,-( BI%403-(\_C( '-( '%&0+#&(
-#&3-(,-'(#%<-+02(1%93+3!1%A0-'(-&('-(&3+$0%'-#&()+3(0#-("ȱȱȱȂȱ
ȱȱ ·ȱȱ¥ȱ ȱȱȂȱȱúǯȱȂȱ
·ȱȂ·ȱȱȱȱȱȱâȱȱȱȱâȱ·ȱ
¢ȱȱ¹ȱ¥ȱȂȱȂȱȱȱȱ·ȱ%$-#&-,.([%#'%;(-#(),0'($-'(
ȱȱȱ·ȱȱȱȂ·ȱŚǰȱȂ¢ȱȱȱȱȱâȱȱ
ȱ ¸ȱ ȱ ȱ ȱ ȱ ·ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ
!"*)"3&-*-#&(*P*-($0(#%<-+0(1%93+3!1%A0-($"#&( ,-'( !"#'9A0-#!-'( '-( 39)-3!0&-#&(
'03(,-'(+0&3-'(#%<-+02(B+'!-#$+#&'(-&($-'!-#$+#&'C.(
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Figure 17 Ŷ Boucle de contrôles inadéquats 
adapté de Leveson [Leveson, 2010] 
K+()1+'-('&+&%A0-(<%'-($"#!(:($9&-3*%#-3(,-'(+!&%"#'($-(!"#&3Z,-(%#+$9A0+&-'(-&(,-'(
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3.1.2. Phase dynamique 
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94+,-*-#&(#9!-''+%3-($-()3-#$3-(-#(!"#'%$93+&%"#(,+(43+<%&9($-'(+!!%$-#&'(+%#'%(A0-(
,-( &-*)'( $-( G(3-&"03( :( ,+( #"3*+,-(H( B$9,+%C( +)3Q'( 0#( +!!%$-#&( "0( 0#-( )-3&-( A0%(
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Définition du système accident 
Ŷ 4XHOHVWO¶Dccident ? Pourquoi est-ce un accident ? 
Ŷ 4XHOOHVVRQWOHVYDULDEOHVLPSOLTXpVGDQVO¶DFFLGHQW ? 
Ŷ 6XUTXHOOHpFKHOOHGHWHPSVpWXGLHUO¶DFFLGHQW ? 
Ŷ 4XHODpWpOHFRPSRUWHPHQWGXV\VWqPHDXPRPHQWGHO¶DFFLGHQW ? 
 
eWDEOLUOHVK\SRWKqVHVG\QDPLTXHVGHO¶DFcident (évolution) 
Ŷ 4XHOOHVVRQWDFWXHOOHPHQWOHVWKpRULHVVXUO¶pYROXWLRQGHO¶DFFLGHQW ? 
Ŷ )RUPXOHU XQH K\SRWKqVH G\QDPLTXH H[SOLTXDQW O¶pYROXWLRQ GX
V\VWqPHYHUVO¶DFFLGHQWSDUOHMHXGHVUpWURDFWLRQV 
 
Établir un modèle dynamique 
Ŷ Caractéristiques de OD VWUXFWXUH GH O¶DFFLGHQW HW GHV UqJOHV GH
décisions 
Ŷ Estimation des paramètres, des relations comportementales et des 
conditions initiales 
Ŷ 7HVWHU SRXU YpULILHU OD FRKpUHQFH DYHF O¶REMHFWLI HW OHV OLPLWHV GH
O¶DFFLGHQW 
 
Tester 
Ŷ &RPSDUHUDYHFO¶pWDWGH référence 
Ŷ La robustesse aux conditions extrêmes 
Ŷ Tout test utile 
 
Concevoir une stratégie de changement 
Ŷ Quelles conditions environnementales peuvent apparaître ? 
Ŷ Quelles nouvelles règles, stratégies, structures peuvent être 
intégrées dans le monde réel ? 
Ŷ 4XHOVVRQWOHVHIIHWVG¶XQHQRXYHOOHSROLWLTXH ? 
Tableau 6 Ŷ Les étapes du processus de modélisation 
adapté de Sterman [Sterman, 2000] 
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Ŷ ,-'(3+))"3&'($-()-3I"3*+#!-(j(
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
 
 
(
101 
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ȱ Ȃ·ȱ ȱ ··ȱ ȱ ȱ ȱ ¢¸ȱ ȱ ȱ ȱ ¡.(
Ȃȱȱȱ¢ȱȱ(ȱȱȂȱȱȱ·ȱȱ··ȱȂȱ¢¸ȱ
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Ź ÉTAPE 7 Ȱ RÉSULTATS ET RECOMMANDATIONS 
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3.2. /¶DQDO\VHGHVGDQJHUV673$SRXUO¶pYDOXDWLRQGHOD
sécurité 
Ȃ¢ȱ ȱ ȱ ȱ ¹ȱ ·ȱ ȱ ȱ ·ȱ ȱ ·( $-'(
ȱȱȂ·+,0+&%"#($0(#%<-+0($-('9!03%&9(Ȃȱ¢¸ȱȱȱȱ!",,-!&-3(
ȱȂȱ$-'&%#9-(:(+,%*-#&-3(0#-(!"#!-)&%"#(-&(0#($9<-,"))-*-#&("3%-#&9'(
<-3'(,+('9!03%&9.(W#-(+#+,7'-($-'($+#4-3'(-'&(-''-#&%-,,-*-#&(0#-($9*+3!1-(<%'+#&(,+(
·ȱ ȱ ȱ ȱ Ȃȱ ȱ ǯȱ ȱ ·ȱ ȱ ȱ
)39<-#&%"#($-'( +!!%$-#&';( I"#$9-( '03( ,-(*"$Q,-( LE[8D;(ȱ ȱ Ȃȱ
#9!-''+%3-(:(,+()39<-#&%"#($-'(3%'A0-'(-&($"#!($-'(+!!%$-#&'.(
K-'( &-!1#%A0-'( +!&0-,,-'( Ȃ¢ȱ ȱ ;( &-,,-'( A0-( !-,,-'( 3-#!"#&39-'( -#(
't3-&9($-( I"#!&%"##-*-#&()+3(-2-*),-;(#-('"#&()+'(+''-x(-II%!+!-'()"03()3-#$3-(-#(
·ȱȂȱ¢ȱȱ¢¸ȱȱ(,-'('7'&Q*-'(!"*),-2-'(
$+#'(,-'A0-,'(,-'(%#&-3+!&%"#'(1"**-R*+!1%#-('"#&(%*)"3&+#&-'.((
ȱȱȱ Ȃ¢ȱȱȱȱȱ 3-,+&%<-*-#&('-*5,+5,-'(:( !-02(
Ȃ0#-(+#+,7'-($-'($+#4-3'(&3+$%&%"##-,,-(f((
Ŷ -ȱ ȱ Ȃȱ ȱ ¥ȱ ȱ ȱ '( ȱ ȱ ȱ ȱ ¢ȱ ȱ ȱ Ȃȱ
'7'&Q*-(+%#'%(A0-(,-'(!"#&3+%#&-'($-('9!03%&9(+''"!%9-'(+I%#($-(*+%#&-#%3(0#(#%<-+0(
$-('9!03%&9(+!!-)&+5,-(j(
Ŷ $Ȃȱǰȱȱȱ¥ȱ·ȱȱȱȱȱ··ȱȱ
P&3-(<%",9-'(-&(!"**-#&(!-'(!"#&3+%#&-'()-0<-#&(*-#-3(:($-'(+!&%"#'(%#+$9A0+&-'(
)"0''+#&(,-('7'&Q*-(<-3'(0#(9&+&(+!!%$-#&-,.(
ȱ·ȱȱ Ȃ¢ȱȱȱȱ·ȱȱ ȱ··ȱȂȱ¢¸ȱ
ȱȱȱ¥ȱȱȱȂ¢ȱȂ#&;(:(A0-,A0-'(#0+#!-'(
)3Q'(BI%403-(\eC.(
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(
Figure 18 Ŷ Processus STPA en évaluation de la sécurité 
adapté de Leveson et Daouk [Leveson, Daouk, 2004] 
ȱ ȱ ȱ ȱ Ȃ¢ȱ ȱ ȱ ȱ ȱ ȱ ȱ
Ȃȱ -#A0P&-( +!!%$-#&ǰȱ ȱ ȱ Ȃ·<+,0+&%"#( $-( ,+( '9!03%&9( ,+%''-( 0#-( ),+!-(
*"%#'( %*)"3&+#&-( +0(*"$Q,-( $7#+*%A0-( -&( +02( '%*0,+&%"#'( $7#+*%A0-'.( S#( -II-&;(
Ȃ¢ȱ ȱ ȱ ȱ ȱ ȱ ¢¸ȱ R&-!1#%A0-( $+#'( ,-A0-,( ,-'( I+!&-03'(
10*+%#( -&( "34+#%'+&%"##-,( "!!0)-#&( 0#-( ),+!-( #"#( #94,%4-+5,-.( ?-&&-( )39'-#!-( $0(
ȱ ȱ ȱ ·ȱ ȱ ȱ ȱ ȱ Ȃȱ
ȱ Ȃǯȱ ȱ ȱ ȱ ȱ ·ȱ ȱ ȱ
'0)),9*-#&+%3-( $+#'( ,+( 3-!1-3!1-( $-( Ȃ%#I"3*+&%"#;( ȱ ¥ȱ Ȃ·ȱ ¥ȱ ȱ
*"$9,%'+&%"#($7#+*%A0-.(8+,439(!-&&-($%II%!0,&9ǰȱȂ¢ȱȱȱ'-(!+#&"##-()+'(
+0(ȱȱȱȂȱ¢;(*+%'()3-#$(-#(!"*)&-(,-'(I+!&-03'(10*+%#(-&(
"34+#%'+&%"##-,.(
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Ȃ¢ȱȱ·50&-($Q'(,-'()3-*%Q3-'(9&+)-'($0(·ȱȂȱ¢¸ȱ
-&( '-( )"03'0%&( &"0&( +0( ,"#4( $-( '"#( !7!,-( $-( <%-( hM'1%*+&'0;( ]`\`i.( L"#( 0&%,%'+&%"#(
ȱ ȱ ȱ ȱ Ȃ·ȱ Ȃȱ ȱ ȱ ȱ ú( $+#'(
ȱ Ȃ¢ȱ ȱ ( %#I,0-#!-( ,-'( $9!%'%"#'( $-( !"#!-)&%"#( -&( '"#&( +%#'%(
)39!%'9-'(-&(!"*),9&9-'(,"3'A0-($-(#"0<-,,-'(%#I"3*+&%"#'('"#&($%')"#%5,-'.(
Ȃ¢ȱ ȱ ¸ȱ ȱ ȱ ȱ ¥ȱ &"0&-'( ,-'( +0&3-'( *9&1"$-'(
Ȃ¢ȱȱ(Ǳȱ Ȃ%$-#&%I%!+&%"#($-'($+#4-3'($0('7'&Q*-(-&($-'(!"#&3+%#&-'($-(
'9!03%&9( +I%#( $-( 4+3+#&%3( 0#( #%<-+0( $-( '9!03%&9( +!!-)&+5,-( -&( 0#-( !",,-!&-(
Ȃȱ¥ȱȱȱȱ;()-3*-&&+#&($-(,-'(9,%*%#-3;($-(,-'(39$0%3-("0(
ȱ ȱ âǯȱ Ȃ,7'-( LED[( -'&( I"#$9-( '03( ,-( *"$Q,-( LE[8D( -&( )3-#$( -#(
!"*)&-( ,-'( +')-!&'( ,"4%!%-,'( -&( *+&93%-,';( ,-'( )3"!-''0'( $-( $9!%'%"#( -&( ,-'( I+!&-03'(
ȱȱ ȱ ǯȱ Ȃ¢ȱ ȱ !"#'-3<-( Ȃ·ȱȱ ȱ
I%,%+&%"#(+<-!( ,+( &19"3%-($0(!"#&3Z,-;( -&( '-()",+3%'-()+3( !"#'9A0-#&($+<+#&+4-( '03( ,-(
!"#&3Z,-($-'($+#4-3'(),0&Z&(A0-('03( Ȃ·ȱȱ·ȱȱ··;(A0%(
ȱȱȂȱȱ¢ȱȱ'($-($+#4-3.(
Ȃ¢ȱȱȱ·ȱȱ %-3( ,-'(!"#&3+%#&-'($-('9!03%&9($-<+#&(P&3-(
+)),%A09-'(0,&93%-03-*-#&(+%#'%(A0-(,-(!"#&3Z,-(3-A0%'()"03(+)),%A0-3(!-'(!"#&3+%#&-'(
-&( ,-'( 3+%'"#'(-2),%A0+#&(A0-(!-( !"#&3Z,-()0%''-(9<-#&0-,,-*-#&(P&3-( %#+$9A0+&.(?-'(
%#I"3*+&%"#'(9&+7-#&(,+()3%'-($-($9!%'%"#(:(!1+A0-(9&+)-($0()3"!-''0'($-(!"#!-)&%"#;(
$Q'(,-'()3-*%Q3-'()1+'-'($0(!7!,-($-(<%-($0('7'&Q*-.(K-()3"!-''0'(LED[(-'&(!"*),9&9(
:( *-'03-( A0-( ,+( !"#!-)&%"#( )3"43-''-.( K-'( -2%4-#!-'( -#( *+&%Q3-( $-( !"#&3Z,-( #-(
)-0<-#&(P&3-( &"&+,-*-#&(3-*),%-'( ,"3'($-( ,+(!"#!-)&%"#(j(-,,-'('-3<-#&(#9+#*"%#'($-(
39I93-#!-'( )"03( ,+( )-3I"3*+#!-( -&( ,+( !"#!-)&%"#($-'( -2%4-#!-'( -#( '9!03%&9( ,"3'( $-'(
")93+&%"#'.(
KȂ¢ȱ ȱ ȱ ȱ )39'-#&-( ,+( )+3&%!0,+3%&9( Ȃ¹( $7#+*%A0-;(
#"&+**-#&( 43U!-( :( '"#( )3"!-''0'( %&93+&%I( A0%( )-3*-&( $-( )3-#$3-( -#( !"*)&-( &"0&-(
ȱȱȂ·ȱȂ¢ȱȱȱ·ȱȱ·ǯȱȱ
+')-!&($7#+*%A0-(<%'-(:(*+%#&-#%3(0#-('7#!13"#%'+&%"#(ȱȱ¢¸ȱȱȂ·ȱ·ǰȱ
A0%( '-( &3+$0%&( )+3( 0#-( *%'-( -#( )1+'-( $0( '7'&Q*-( +<-!( '"#( -#<%3"##-*-#&( +I%#(
Ȃ·ȱȱȱȱȱ·ȱǯȱȱȂȱ(ȱȂ¢ȱ
&3+$%&%"##-,,-';( &7)%A0-*-#&( '&+&%A0-'( -&( '-( I"!+,%'+#&( '03( ,+( !+)+!%&9( $0( '7'&Q*-( :(
9<%&-3(,-'(9&+&'(%#'&+5,-ȱȱȱȂȱȱȱȂȱ'7'&Q*-(-&($-('"#(
-#<%3"##-*-#&;( ,+( &-!1#%A0-( LED[( +$*-&( A0-( ,-'( '7'&Q*-'( '"#&( )+3( #+&03-(
$7#+*%A0-'(ȱȂȱȂȱȱ·ȱ&"0&(+0(,"#4($-(,-03(!7!,-($-(<%-.(
D,0'( !"#!3Q&-*-#&ǰȱ Ȃ¢ȱ ȱ ȱ [( 3-)"'-( ȱ ȱ ȱ Ȃȱ
5"0!,-($-()3"!-''0'($-(!"#&3Z,-.(
W#-( +#+,7'-( !"*),Q&-( $-'( $+#4-3'( $"%&( %$-#&%I%-3( ,-'( !1+#4-*-#&'( )"''%5,-'( +0(
!"03'($0(&-*)'($+#'(,-'(!"#&3Z,-'($-('9!03%&9()"0<+#&(!"#$0%3-(:($-'(9&+&'(#"#('t3';(
<"%3-( +!!%$-#&-,'.( >ȱ ȱ Ȃȱ ȱ +,"3'( P&3-( 0&%,%'9'.(
ȂȱȱȱȂ¢ȱȱ¹ȱ¡·ȱȱ·ȱȱȱ
,"3'($-( ,+(!"#!-)&%"#($0('7'&Q*-("0;($+#'( ,-(!+'(!"#&3+%3-;(49#93-3($-'(*-'03-'("0(
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$-'()3"!9$03-'(+I%#($-($9&-!&-3($-'($943+$+&%"#'("0(!"#!-<"%3($-'(!"#&3Z,-'(,"3'($-(
,+(*+%#&-#+#!-("0(,"3'($-(!-'(!1+#4-*-#&'.((
ȱȱȂ¢ȱȱȱȱȱ·ȱȱȱ·( BC8! I%403-(\eC;(
·ȱȱ¡ȱ·ȱȱȂ7'-(+!!%$-#&(f(
Ŷ 9&+)-(\(f(+#+,7'-()39,%*%#+%3-($-'(3%'A0-'(G('7'&Q*-(H(-&($9I%#%&%"#($-'(-2%4-#!-'(
-&($-'(!"#&3+%#&-'(G('7'&Q*-(H(j(
Ŷ 9&+)-( ](f( 9&+5,%''-*-#&( $-( ,+( '&30!&03-( $-( !"#&3Z,-( $-( ,+( '9!03%&9( B3Z,-'( -&(
3-')"#'+5%,%&9'($-'(9,9*-#&'(-&(*9!+#%'*-'($-(39&3"+!&%"#'C(j(
Ŷ 9&+)-(^(f( %#&943+&%"#($-'( -2%4-#!-'( G('7'&Q*-(H( -&($-'( !"#&3+%#&-'( G('7'&Q*-(H( +0(
#%<-+0($-'(9,9*-#&'(j(
Ŷ 9&+)-( a(f( -2+*-#( $-( ,+( '&30!&03-( $-( !"#&3Z,-( -&( $-'(*"$Q,-'( $-( )3"!-''0'( )"03(
+#+,7'-($9&+%,,9-($-'(!"#&3Z,-'(%#+$9A0+&'(j(
Ŷ 9&+)-( c(f( !+&94"3%'+&%"#( B%**9$%+&;( ,"#4( &-3*-;( '&+#$+3$C( -&( 4-'&%"#( $-'( 3%'A0-'(
B$9I+0&'($-(5"0!,-'($-(!"#&3Z,-C.(
ȱ··ǰȱȱȱȂ¢ȱȱȱȱȱ¹ȱ·ȱȱ³ȱ
:( ,+( I"%'( %&93+&%<-( -&( "))"3&0#%'&-.( K-'( %#49#%-03'( )"033"#&( '"%&( +)),%A0-3( 0#-(
&-!1#%A0-( )+3&%!0,%Q3-;( '"%&( +)),%A0-3( LED[( )"03( !"0<3%3( 0#( -#'-*5,-( $-( $+#4-3'(
),0'(%*)"3&+#&.(>Q'(,-'()3-*%Q3-'()1+'-'($-(!"#!-)&%"#;(!-3&+%#-'($9!%'%"#'()-0<-#&(
P&3-()3%'-'(*+%'($-'($9I+0&'($-( !"#&3Z,-("0($-'( -29!0&%"#'($-( !"#&3Z,-( %#+$9A0+&-'(
ȱ ȱ ȱ ¹ȱ ȱ ǯȱ ǰȱ Ȃ¢ȱ ȱ ȱ ǰȱ
+)),%A09-( )39!"!-*-#&( ȱ ȱ ¢ȱ ȱ ȱ Ȃȱ ¢¸;( )-3*-&( $-( I"03#%3( $-'(
ȱȱȱȱȱȱ Ȃ·ȱȱ¢¸ȱȱȱ ȱȱȱ
3%'A0-.(
K+( &+2"#"*%-( BC8(&+5,-+0(aC( $-( LED[( -'&( 0&%,%'9-( )"03( %$-#&%I%-3( ,-'( !"#&3Z,-'(
%#+$9A0+&'()"0<+#&(*-#-3(:($-'(+!&%"#'($-(!"#&3Z,-(%#+$9A0+&-'.(w()+3&%3(Ȃ;(,-'(
%#49#%-03'( )-0<-#&( !39-3( $-( #"0<-,,-'( !"#&3+%#&-'( $-( '9!03%&9;( !"*),9&-3( 0#-(
!"#&3+%#&-( -2%'&+#&-( "0( !39-3( 0#-( #"0<-,,-( !"#!-)&%"#( Ȃ¥ȱ ȱ ȱ '( $+#4-3'(
'"%-#&(4939';(9,%*%#9'("0(!"#&3Z,9'.(W#-(!"#!-)&%"#(-'&( 6049-('t3-("0(+''-x('t3-($Q'(
A0-(,-(#%<-+0($-(!"#&3Z,-($-(,+('9!03%&9()-0&(P&3-(!"#'%$939(!"**-(+!!-)&+5,-.((
Conclusion 
?-( !1+)%&3-( +( -0( )"03( "56-!&%I( $-( )39'-#&-3( -&( $-( $9!3%3-( ,-( *"$Q,-( LE[8D(
$9<-,"))9()+3(,-(D3"I-''-03(¢ȱǯȱȂȱȱȱȱ·ǰȱȱ¸ȱ
-'&(I"#$9('03(,+(&19"3%-($-'('7'&Q*-'(BC8(!1+)%&3-(]C(-&('03(,+(&19"3%-($0(!"#&3Z,-;(A0%(+(
ȱȂȱ($950&($0()39'-#&(!1+)%&3-;(#"&+**-#&($+#'('-'(+)),%!+&%"#'(-#('9!03%&9(
$-'( '7'&Q*-'.( K-'( 5"0!,-'( $-( !"#&3Z,-( "#&( 9&9( )39'-#&9-'( !"**-( )3"!-''0'(
)-3*-&&+#&($-(&3+$0%3-(0#-(-#&39-(-#(0#(!"#&3Z,-(-#&3-(!1+A0-(#%<-+0(1%93+3!1%A0-.(
o#&(-#'0%&-(9&9($9!3%&'(,-'()%-33-'(+#40,+%3-'($0(*"$Q,-(LE[8D(f(,+(!"#&3+%#&-;(,+(
'&30!&03-($-(!"#&3Z,-(-&(,-(*"$Q,-($-()3"!-''0'.((
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ȱ ¸ȱ ȱ ȱ ··ȱ ȱ ȱ ··ȱ ȱ¸ȱ Ȃȱ ǰȱ
+))-,9( LED[;( $9<-,"))9( :( )+3&%3( $-'( !"#!-)&'( $0( *"$Q,-( LE[8D( -&( )-3*-&&+#&(
Ȃ·ȱȱȱ¸ȱȱȱȱ¢¸;()"03(-II-!&0-3(0#-($9*+3!1-(
Ȃ-#A0P&-(+!!%$-#&("0(·ȱȱȱȱ··ȱȂȱ¢¸ȱȱȱȱȱ
ȱȂȱ¢ȱ-('"#(!"*)"3&-*-#&.(
K-(¸ȱȱȂȱȱȱȂ¹()39'-#&9'("#&(9&9()+3(,+('0%&-(0&%,%'9'($+#'(
0#( '7'&Q*-( '"!%"R&-!1#%A0-( $-( $9)",,0&%"#( $-( '9$%*-#&'( !"#&+*%#9'ǰȱ ¥ȱ Ȃ·ȱ ȱ
)3"&"&7)-;("56-&($0(!1+)%&3-('0%<+#&.(
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
 
 
(
107 
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2e partie 
 
"49?>:@:90*>7;7:89*
8:*A869A8B:7C89*
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*
*
65,7&($"*?*
<77.&%,(&2'*/3*#¸ȱȂ,%%&/"'(*;+<=>*
@*Ȃ¢ȱȱȱȂȱ··ȱ
/"*($,&("#"'(*/"*)4/&#"'()*%2'(,#&'4)*
?-(!1+)%&3-(+()"03("56-!&%I($-($9!3%3-( Ȃȱ(¸ȱȂȱȱ
ȱȂ·ȱ·ȱȱȱȱȂ¢ȱȱ:(0#('7'&Q*-('"!%"R
&-!1#%A0-('·ȱȰȱǰȱ(&3+%&-*-#&($-('9$%*-#&'(!"#&+*%#9';('7'&Q*-(%#&943+#&(
0#()3"!9$9()17'%!"R!1%*%A0-(+))-,9(J"<"'",g.(
?-(!1+)%&3-(-'&($%<%'9( -#( &3"%'( '-!&%"#'.(K+()3-*%Q3-( '-!&%"#()-3*-&($-($9!3%3-( ,-(
!"#&-2&-( %#$0'&3%-,( $+#'( ,-A0-,( -'&( +)),%A09-( ,+( &-!1#%A0-( LED[(j( -,,-( $9!3%&( ,+(
)3"5,9*+&%A0-( $-'( '9$%*-#&'( !"#&+*%#9'( -&( ,-'( $%II93-#&'( *"7-#'( $-( &3+%&-*-#&(
!"##0'( -&( -*),"79'( :( !-( 6"03.( K+( $-02%Q*-( '-!&%"#( )39'-#&-( 0#( $"05,-( #%<-+0( $-(
ȱȱȂ¢(f(,-()3-*%-3(-'&(!-#&39('03(,-(7)&%.1.(&-!1#%A0-($-(&3+%&-*-#&(
$-( '9$%*-#&'( !"#&+*%#9'( +))-,9(J"<"'",g;( &+#$%'(A0-( ,-( '-!"#$( -'&()",+3%'9( '03( ,-(
-:-(D;$('"!%"R&-!1#%A0-(J"<"'",g;(*-&&+#&(+%#'%(-#(9<%$-#!-(,-'(%#&-3+!&%"#'(-#&3-(,-'(
$%II93-#&'(!"#&3Z,-03'($0('7'&Q*-.(K+(&3"%'%Q*-('-!&%"#(3-)3-#$(,+(*9&1ȱȂ¢ȱ
$-'( $+#4-3'( LED[( )39'-#&9-( $+#'( ,-( !1+)%&3-( ^( ȱ Ȃȱ ȱ +0(
'7'&Q*-( J"<"'",g.( ?1+!0#-( $-'( 9&+)-'( $-( ,+( *9&1"$-( -'&( +%#'%( %,,0'&39-( )+3( ,-'(
·ȱȱȱȂ¢ǯ(
1. /HFRQWH[WHLQGXVWULHOG¶DSSOLFDWLRQGHODPpWKRGH
STPA 
?-&&-('-!&%"#()39'-#&-(,-(!"#&-2&-(%#$0'&3%-,($+#'(,-A0-,(-'&(+)),%A09-(,+(&-!1#%A0-(
LED[.(
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1.1. La problématique des sédiments contaminés 
K-(*%,%-0(#+&03-,(-'&('"0*%'(:($-(#"*53-02(3-6-&'(%#$0'&3%-,';(035+%#'("0(+43%!",-'(
¥ȱ ȂȱȂȱ #(<+3%9-( -&( 3%!1-( -#()",,0+#&'.( S#( 3Q4,-( 49#93+,-;( !-'(
!"#&+*%#+#&'(3-'&-#&(-#('0')-#'%"#(-&(%#&Q43-#&(,-'(<+'-'(,"3'($-(,+('9$%*-#&+&%"#(-&(
'"#&(+,"3'(%**"5%,%'9';(#-()39'-#&+#&(+,"3'()+'($-(39-,'($+#4-3'.(?-)-#$+#&;(,"3'A0-(
,-'( !"#$%&%"#'( )17'%!"R!1%*%A0ȱ Ȃȱ ·ȱ ȱ ȱ ȱ ȱ
·ǰȱ ȱ ȱ ȱ ȱ ¡ȱ ȱ Ȃȱ ȱ ȱ ·ǯȱ
Ȃ¡ȱ ȱ ȱ ·ȱ !"#!-3#-( ,-'( *9&+02( ,"03$'( A0%( -#&3-#&( $+#'( ,+(
!"*)"'%&%"#(#+&03-,,-($-'(3"!1-'(*+%'($"#&( ,+(39)+3&%&%"#(+(9&9( I"3&-*-#&(*"$%I%9-;(
ȱ ȱ·ȱȱ Ȃ¸ȱ ǰȱ+0()"%#&(ȱ Ȃ"#("5'-3<-()+3I"%'(Ȃȱ
$-'(!"#!-#&3+&%"#'(*0,&%),%9-'()+3(!-#&("0(*%,,-.(
K-'( $94U&'( -#4-#$39'( )+3( ,-'( '9$%*-#&'( !"#&+*%#9'( "!!+'%"##-#&( 0#( 39-,( !"t&(
-#<%3"##-*-#&+,;( '"!%+,( -&( 9!"#"*%A0-.( M,'( '"#&( ,+( '"03!-($-()-3&-'( %*)"3&+#&-'($-(
3-<-#0'($0-'(:(,+($%*%#0&%"#(-&(:( ,+(ȱȂ¸ȱ+#%*+,-'(-&(<949&+,-';(
ȱ ȱ ȱ ¥ȱ Ȃȱ ȱ ¸ȱ ȱ ȱ ȱ ·¢¸ȱ ȱ ȱ
)")0,+&%"#'( <%<+#&( :( )3"2%*%&9.( K-'( '9$%*-#&'( )-0<-#&( -#4-#$3-3( $-'( 5-'"%#'( $-(
ȱȱȱȱȱȱȂȱȱȱ£ȱȱȱ
ȱȱȂȱȱȱȱȂȱǯ(
K-'( )3%#!%)+02( !"#&+*%#+#&'( B!+$*%0*;( !0%<3-;( !13"*-;( ),"*5;( x%#!;(
)",7!1,"3"5%)19#7,-'( BD?NC;( 17$3"!+3503-'( +3"*+&%A0-'( )",7!7!,%A0-'( BV[DC( "0(
+3'-#%!Ǽȱ ȱ ȱ Ȃ·ȱ .( M,'( )-0<-#&( "!!+'%"##-3( $-'(
ȱ¸ȱȱȂȱ·ȱ¥ȱȱȱȱȱȱȱȱȱ
ȱȱȱ··ȱȂȱȱȂ·ȱǯȱ(
?-'( !"#&+*%#+&%"#'( )3"<%-##-#&( $-( $%<-3'-'( '"03!-'( %#$0'&3%-,,-'( B&+5,-+0(_C(
)"0<+#&(49#93-3($-(#"*53-02(-II-&'('+#%&+%3-'(-&(5%","4%A0-'(B$"**+4-'(49#9&%A0-'(
"0(9!")17'%","4%A0-';(*"$%I%!+&%"#($0(!"*)"3&-*-#&($-'(-')Q!-'ǳC(
?-()+3+43+)1-()39'-#&-( ,+($9*+3!1-($-( 4-'&%"#($-'( '9$%*-#&'( !"#&+*%#9';( )0%'(
,-'($%II93-#&-'(&-!1#%A0-'($-(&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'.(
(
¢ȱȂ& 5"')+2)& 52+M-%& 56-1)%& W$1)#& X+03& W5?&
[!%-3uI-3( ( ( ( ȣ( ȣ( ȣ(
[,0*%#%0*( ȣ( ( ȣ( ( ( (
D-%#&03-(+#&%RI"0,%#4( ( ȣ( ( ȣ( ( (
[))+3-%,'(9,-!&3%A0-'( ȣ( ȣ( ( ȣ( ȣ( ȣ(
[0&"*"5%,-( ȣ( ȣ( ȣ( ( ȣ( ȣ(
N+&&-3%-'( ( ( ( ȣ( ( (
?+"0&!1"0!( ( ( ( ( ȣ( (
?1+#&%-3'(#+<+,'( ȣ( ȣ( ȣ( ( ȣ( ȣ(
?1%*%-( ȣ( ( ȣ( ( ( (
?0%3u&+##-3%-( ( ( ȣ( ( ( (
>9&-34-#&'u+4-#&'($-(
'03I+!-(
( ( ( ( ȣ( (
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Tableau 7 Ŷ Sources de contamination des sédiments 
Source : Commission européenne 
1.1.1. Démarche de gestion des sédiments contaminés 
K-'('9$%*-#&'(!"#&+*%#9'()-0<-#&()"'-3($-(43+<-'()3"5,Q*-'(+0''%(5%-#()"03(,+(
'+#&9( 10*+%#-( A0-( )"ȱ Ȃ;( !"#'&%&0+#&( 0#-( '"03!-( %*)"3&+#&-( $-(
)3"$0%&'(!1%*%A0-'(-&()39'-#&+#&(0#($+#4-3()"03( ,-'()")0,+&%"#'(-&( ,-'("34+#%'*-'(
ǯȱȂ¡ȱȱ·ȱȂȱȱǰȱȱȱȱ
)"%''"#'("0($-(!"A0%,,+4-'(+7+#&(%#4939(ȱȱ¡ȱȱȂȱ¡·ȱ¥ȱȱ
'9$%*-#&'( !"#&+*%#9'.( K-'( "34+#%'*-'( +A0+&%A0-';( )+3&%!0,%Q3-*-#&( ,-'( -')Q!-'(
5-#&1%A0-'\\;( '"#&( -2)"'9'($-( I+m"#( !"#&%#0-,,-( +02( !"#&+*%#+#&'( '-( &3"0<+#&($+#'(
,-'( '9$%*-#&';( A0%()-0<-#&( +<"%3($-'( -II-&'( #9I+'&-'( %#!,0+#&($-'( &"2%!%&9'( +%40}'( -&(
ǯȱȂȱȱȱȱ¡ȱȱȱȱ+#%'*-'(
+A0+&%A0-'( )-0&( P&3-( '0II%'+#&-( )"03( ,-'( 3-#$3-( %*)3")3-'( :( &"0&-( !"#'"**+&%"#(
10*+%#-( -&( !"#'&%&0-3( 0#-( *-#+!-( )"03( ,+( <%-( '+0<+4-.( [I%#( $-( )39'-3<-3(
Ȃǰȱ ȱ ȱ ȱȱ ȱ ·ȱȱ ¹ȱ ·ȱ
Ȃȱ ³ȱ¥ȱ9<%&-3("0(:( ,%*%&-3( ,-'(-2)"'%&%"#'(9<-#&0-,,-'( $-'()")0,+&%"#'(-&($-'(
ȱ ǯȱ ȱ ǰȱ ȱ ·ȱ ȱ ȱ ·ȱ Ȃȱ ·ȱ $"%&(
+0''%(P&3-()3%'-(-#(!"*)&-.((
ȱ ȱ Ȃ( $-'( !"#&+*%#+#&'( $+#'( ,-'( '9$%*-#&'( <"#&( $-'(
'",0ȱȱȱȱ¥ȱȂ·ȱȱȱȱȱ·ȱȱ
ȂȱȱȱȱȂǯȱK"3'A0-(,-'('9$%*-#&'(!"#&+*%#9'('-(&3"0<-#&(
(((((((((((((((((((((((((((((((((((((((((((((((((
\\(ȱȱǰȱȂȱȍ(5-#&1%A0-(H('%4#%I%-(G(3-,+&%I(ȱȱȱȱȱȱ¡ȱǰȱȱȂȱ
'"%&(,+()3"I"#$-03(H.(
ȱȂǰȱ£ȱȱ
9,-!&3%!%&9(
( ( ( ( ȣ( (
S2),"'%I'( ( ȣ( ( ( ( (
S2&3+!&%"#($-(*%#-3+%'(
)39!%-02(
( ( ( ȣ( ȣ( (
ȱȂ¡¢( ( ȣ( ȣ( ( ȣ( (
r%#%&%"#($0(*9&+,( ȣ( ȣ( ȣ( ȣ( ȣ( (
r"3!-(*"&3%!-(<+)-03( ȣ( ȣ( ȣ( ȣ( ( (
=+,<+#"),+'&%-( ( ȣ( ȣ( ȣ( ȣ( (
80#%&%"#'( ( ȣ( ( ( ȣ( (
D1"&"43+)1%-( ( ( ȣ( ( ( (
D%4*-#&'uS#!3-'( ( ( ( ȣ( ( (
ȱȂ%"#( ( ( ( ( ȣ( (
D,+'&%A0-'( ( ( ( ȣ( ( (
D3"!-''0'(*9&+,,034%A0-'( ( ( ( ( ȣ( (
@+II%#-3%-($0()9&3",-( ( ( ( ȣ( ( (
L"03!-'(#"#()"#!&0-,,-'( ȣ( ȣ( ȣ( ȣ( ȣ( (
E3+%&-*-#&($-'(-+02(0'9-'( ( ȣ( ȣ( ȣ( ȣ( ȣ(
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$+#'( $-'( x"#-'( $-<+#&( P&3-( $3+%#9-'( )"03( *+%#&-#%3( 0#-( !-3&+%#-( #+<%4+5%,%&9;( ,+(
'0))3-''%"#($0('9$%*-#&(-'&(-#()3+&%A0-(,+('-0,-(")&%"#;(*+%'(,-(&3+%&-*-#&($-<%-#&(
$+#'(!-(!+'()3"5,9*+&%A0-.(
K+(I%403-(\d()39'-#&-(,+($9*+3!1-(4,"5+,-($-(&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'(
)3")"'9ȱȱ Ȃȱ·ȱȱȱȱ Ȃȱ ǻL'C,)&';$'(+2!
@)&($%(,&'!>5$'%:;(SD[C;($9*+3!1-(3-)3%'-($+#'( ,+(),0)+3&($-'()+7'( %*),%A09'($+#'(
0#()3"!-''0'($-(&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'.(KȱȱȂR
9<+,0+&%"#R&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'(-'&($%<%'9(ȱȱȱȱȂ(f(
Ŷ $9&-!&%"#($-'('"03!-'($-($9!"#&+*%#+&%"#(j(
Ŷ 9<+,0+&%"#($-(,+(!"#&+*%#+&%"#(j(
Ŷ )39<-#&%"#(-&(!"#&3Z,-($-'('"03!-'($-(!"#&+*%#+&%"#(j(
Ŷ &3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'(j(
Ŷ 4-'&%"#($0('9$%*-#&.(
&
Ź ÉTAPE 1 Ȱ DÉTECTION DES SOURCES DE CONTAMINATION 
K+( !"#&+*%#+&%"#( $-( '9$%*-#&'( -'&( 0#( )3"!-''0'( %#I,0-#!9( )+3( $-( #"*53-0'-'(
<+3%+5,-'( %#!,0+#&( $-'( '"03!-'( $-( !"#&+*%#+&%"#;( $-'( &7)-'( $-( !"#&+*%#+#&';(
Ȃ-#<%3"##-*-#&( '9$%*-#&+%3-( -&( 17$3","4%A0-;( ,+( &+%,,-;( ,+( !"*)"'%&%"#( -&( ,+(
39)+3&%&%"#($0(43+%#('9$%*-#&+%3-(+%#'%(A0-(,+()39'-#!-("0(#"#($-(<%-(+A0+&%A0-.((
ȱ ·ȱ ȱ Ȃȱ ȱ ȱ ȱ ¸ȱ ȱ ȱ ȱ
)+3&%!0,%-3( $"%&( P&3-( 9<+,09-( -#( '-( I"#$+#&( '03( $-'( %#I"3*+&%"#'( 39!-#&-'.(>-( &-,,-'(
%#I"3*+&%"ȱȱȱȂȱȱȱȱȱ ·%,%&+&%"#($-( '%&-;(
Ȃ·ȱ ··ȱ ȱ ǰȱ Ȃȱ ȱ ȱ ·;( $-( )P!1-'(
-II-!&09-'( "0( $-( x"#+4-'( 49"43+)1%A0-'.( M,( -'&( %#&93-''+#&( $-( #"&-3( A0-( ,+(
!"#&+*%#+&%"#( $-'( '9$%*-#&'( -'&( &3Q'( '"0<-#&( ,%9-( :( 0#-( &3Q'(*+0<+%'-( A0+,%&9( $-'(
-+02.(K+(!+)+!%&9($-'( '9$%*-#&'(:( 3-&-#%3( ,-'( !"#&+*%#+#&'( ,-03( !"#IQ3-(0#( &+02($-(
!"#&+*%#+&%"#('0)93%-03(+02(#"3*-'($-(!"#&+*%#+&%"#($-'(-+02.(
Figure 19 Ŷ Démarche générale de traitement des sédiments 
contaminés 
Source : US EPA 
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Ź ÉTAPE 2 Ȱ ÉVALUATION DE LA CONTAMINATION 
K+($-02%Q*-(·ȱȱȂ·ȱȱȱǯȱȂȱ+#+,7'-(
)39,%*%#+%3-(%#$%A0-(0#()"''%5,-()3"5,Q*-($-(!"#&+*%#+&%"#;(0#-(!+3+!&93%'+&%"#($0(
'9$%*-#&( ),0'( !"*),Q&-( -'&( #9!-''+%3-;( %#!,0+#&( 0#-( 9<+,0+&%"#( $-( ,+( G(*-#+!-(H(
-#<%3"##-*-#&+,-( )"'9-( )+3( ,+( !"#&+*%#+&%"#.( >+#'( ,-( !1"%2( $-'( *9&1"$-'(
Ȃ·ȱ ȱ ·ǰȱ ȱ ȱ ȱ ¹ȱ ··ȱ ȱ ȱ ǯȱ ȱ
·ȱȂ·ȱȱȱȱȱȱ¥ȱ·ǰȱȂȱȂ($-'(
-II-&'('03(,+(<%-(+A0+&%A0-(-&('+0<+4-("0($-'(-II-&'('03(,+('+#&9(10*+%#-.(
Ȃ·ȱ ȱ ȱ ȱ !"*)+3-( $%3-!&-*-#&( ,-'( !"#!-#&3+&%"#'( $-(
!"#&+*%#+#&'($-( '9$%*-#&'("5'-3<9-'(+<-!(A0-,A0-'(!3%&Q3-'()399&+5,%'.(K-'( !3%&Q3-'(
$-(A0+,%&9($-'('9$%*-#&'('"#&(),0'($%II%!%,-'(:(*-&&3-(-#(),+!-(A0-($-'(!3%&Q3-'()"3&+#&(
'03(,+(A0+,%&9($-'(-+02(-#(3+%'"#($0(#"*53-(-&($-(,+(43+#$-(!"*),-2%&9($-'(I+!&-03'(
)"0<+#&(+II-!&-3( ,-'(-II-&'(5%","4%A0-'(-#4-#$39'()+3( ȱ ȱȂȱȱ
!1%*%A0-($"##9.(
K-'( -II-&'( $-'( '9$%*-#&';( $9I%#%'( -#( !"#'%$93+#&( ,-'( !"##+%''+#!-'( '!%-#&%I%A0-'(
+!&0-,,-';(-*53+''-#&(f(
Ŷ ȱ ¢ȱȱ Ȃ·ȱȱ ȱ ȱȱ ȱ ȱ ȱ ·ȱȱ ȱ5%-#RP&3-;( -&(
#"#( ,-'( -II-&'( ,%*%&9'( +0(),+#!&"#;( +02()"%''"#';( +02( !30'&+!9';( :( ,+(<%-( '+0<+4-(
)"0<+#&(P&3-(&"0!19'()+3(,+(!"#&+*%#+&%"#($-'('9$%*-#&'(j(
Ŷ ,+( !"#!-#&3+&%"#( -&( ,+( 39)+3&%&%"#( $-'( )",,0+#&'( :( &3+<-3'( $-'( )3"!-''0'(
5%","4%A0-';()17'%A0-'(-&(!1%*%A0-'(j(
Ŷ ,-'(-II-&'($-'()",,0+#&'('03(,+($%<-3'%&9(5%","4%A0-.(
Ź ÉTAPE 3 Ȱ PRÉVENTION ET CONTRÔLE DES SOURCES DE CONTAMINATION 
K+( &3"%'%Q*-( 9&+)-( !"#!-3#-( ,+( )39<-#&%"#( -&( ,-( !"#&3Z,-( $-'( '"03!-'( $-(
!"#&+*%#+&%"#.( M,( -'&( %*)"3&+#&( $-( $9&-3*%#-3( Ȃ( $-( &"0&-( !"#&+*%#+&%"#(
#"0<-,,-*-#&($9!"0<-3&-ǯȱȱ¢ȱȂ'(:(-#&3-)3-#$3-($9)-#$()+3&%-,,-*-#&($-(
Ȃȱȱ(!"#&+*%#+&%"#(f('%(0#(!"#&+*%#+#&(-'&(%$-#&%I%9('03($-(#"*53-02('%&-'(
49"43+)1%A0-';( %,( '-3+(<3+%'-*5,+5,-*-#&( ȱȱȱ·ȱȂȱ ȱ ǯȱȱ
4-'&%"#( $-'( '9$%*-#&'( !"#&+*%#9'( 3-A0%-3&( 0#-( +))3"!1-( 4,"5+,-.( K-'( '"03!-'( $-(
ȱȱȱȱȱȂȱ( %'",9-(B)+3(-2-*),-;(
'03(0#-('-0,-($9!1+34-C(+(&"0&-'(,-'(!1+#!-'($-($-*-03-3(%#-II%!+!-.(M,(-'&(+,"3'(),0'(
)-3&%#-#&( $-( )+''-3( )+3( 0#( )3"43+**-( 4,"5+,( -&( '7'&9*%A0-( $-( &3+%&-*-#&( -&( )+3(
Ȃ·ȱ ȱ ·ȱ ·ǯȱ ȱ ǰȱ ȱ ȱ Ȃȱ
'-0,('%&-()-0&(#9!-''%&-3(0#(!"#&3Z,-(,"!+,(-&($-'(!"#&3Z,-'($-(43+#$-(+*),-03()-0<-#&(
Ȃ·ȱ·ȱȱȱǯȱ(
K+( $9&-3*%#+&%"#($0( ,%-0( $-( ,+( !"#&+*%#+&%"#( +%#'%( A0-( '"#( +*),-03(*+3A0-( ,-(
$950&($-(!-&&-(9&+)-.(
8+,439( &"0&;( *P*-( -#( )39'-#!-( $-( $9*+3!1-'( #+&%"#+,-';( 394%"#+,-'( "0( ,"!+,-'(
)"03(,-(&3+%&-*-#&($-(!"#&+*%#+#&';(!1+A0-('%&-(3-'&-(0#%A0-($+#'('+(!"#I%403+&%"#(-&(
$+#'('+(!"*)"'%&%"#.(M,(-'&($"#!(#9!-''+%3-($-(I+%3-($0(G(!+'()+3(!+'(H($+#'(,+(),0)+3&(
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$-'( '%&0+&%"#'.(?-3&+%#'()"%#&'( '-#'%5,-'($-*+#$-#&(0#-($9*+3!1-( ')9!%I%A0-()"03(
ȱ ȱ ȱ ȱ ȱ ȱ âȱ ȱ ȱ ȱ ·ȱ Ȃ¥ȱ ȱ
Ȃȱ·ȱȱȱȱȱ3(&"0&(3-&+3$()"033+%&(-#4-#$3-3($-'(%*)+!&'(
-#<%3"##-*-#&+02( %#+!!-)&+5,-'.( M,( -'&( 94+,-*-#&( %#&93-''+#&( $-( #"&-3( A0-( ,+(
·ȱȂȱȱ·ȱȱȱȱ·ȱȂȱȱ
·ȱ Ȃȱ ȱ ȱ âȱ ȱ ȱ 3( '"%&( -#&3-)3%'-.( K-'(
'9$%*-#&'(-**+4+'%#-#&($-'(!"#&+*%#+#&'()"0<+#&()-3$03+%-#&($+#'(!-,0%R!%(*P*-(
'%(,-($9<-3'-*-#&($0(!"#&+*%#+#&(+(9&9(+33P&9.(S#(I+%&;($+#'(!-'(!+'($-(!"#&+*%#+&%"#(
0#-($9*+3!1-($-(3-'&+03+&%"#($-('%&-(-'&()3%<%,94%9-(:(0#-($9*+3!1-($-(!"#&3Z,-($-(,+(
'"03!-.(
K-(*-%,,-03(*"7-#($-(,%-3(0#-(!"#&+*%#+&%"#($-('9$%*-#&(:($-'('"03!-'()"''%5,-'(
ȱ Ȃȱ ȱ·ȱ ȱ ȱ ǯȱ ȱ ȱ ȱ ¡·ȱ ȱ
ȱȱȂȱȱȱ¸ȱȱ';(%,'()-0<-#&(
6"0-3( 0#( 3Z,-( $9&-3*%#+#&( $+#'( 0#-( +#+,7'-( %#%&%+,-( )"03( $-'( '9$%*-#&'(
ȱ·ȱȱȱȱȱȱȱȂȱȱȱ¡·ȱ
ȱȱȱȂȱȱȱȱȂȱ¡·ȱ9-.(K-'(
ȱ ·ȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ ȱ ȱ ȱ
'9$%*-#&( -&( ,-'( )"''%5,-'( '"03!-'( )-0<-#&( +0''%( P&3-( 0&%,%'9-'( )"03( 3-,%-3( ,+(
!"#&+*%#+&%"#($-'('9$%*-#&'(-&(,-'('"03!-'.((
K"3'A0-($-(#"*53-0'-'( '"03!-'($-( !"#&+*%#+&%"#( -2%'&-#&()"03(0#( !"#&+*%#+#&(
$"##9( $-'( )3-0<-'( '0)),9*-#&+%3-'( $"%<-#&( P&3-( 3-!1-3!19-'( +I%#( $-( ,%-3( 0#(
!"#&+*%#+#&( :( '+( '"03!-.( K-'( #%<-+02( $-( !"#!-#&3+&%"#( $-'( !"#&+*%#+#&'( )-0<-#&(
P&3-( "5'-3<9'( '03( ,+( '03I+!-( '9$%*-#&+%3-( +<-!( 0#-( !"#&+*%#+&%"#( *+2%*+,-(
ȱ ¥ȱ Ȃȱ ȱ·ǯȱȱǰȱ ȱ ȱȱ ȱȱ
<+3%-3( '-,"#( ,+()3"I"#$-03($-( 3-,-<9($+#'( ,-( '9$%*-#&()-3*-&&+#&( +%#'%( $-( 3-&3+!-3(
Ȃȱȱ ȱ ȱȱ ·ǯȱ ȱ ȱ ȱȱȱȱ ȱȱ
0#-( -*ȱ Ȃȱ ȱ ¦ȱ ¡ȱ ȱ ȱ ¡ȱ ȱ ȱ ȱ ȱ
),0'%-03'(!"#&+*%#+#&'.(
L%( ,+( !"#&+*%#+&%"#( -'&( ,%*%&9-( :( 0#( '-0,( '%&-;( ,-( )3-*%-3( 9,9*-#&( :( )3-#$3-( -#(
!"*)&-( ȱ Ȃ·ȱ ( ,+( !"#&+*%#+&%"#(f( '%( ,+( '"03!-( $-( !"#&+*%#+&%"#( -'&(
+#!%-##-(+,"3'( ,-( !"#&3Z,-($-( ,+( '"03!-()-0&(P&3-(9,%*%#9.(E3"%'( &7)-'($-( '"03!-'($-(
!"#&+*%#+&%"#()-0<-#&(P&3-($%'&%#409'(f(
Ŷ ,-'('"03!-'(,"!+,%'9-';()+3(-2-*),-($-'(9!"0,-*-#&'(%#$0'&3%-,'("0(!"**0#+02(j(
Ŷ $-'('"03!-'(#"#(,"!+,%'9-'(f(9)+#$+4-'(+43%!",-';(-+02($%,0<%-##-';(!"#&+*%#+#&'(
+&*"')193%A0-'ǳ(j(
Ŷ ,-'(+0&3-'('"03!-'(f($9<-3'-ǰȱ·¡ȱȂ·ǳ(
Ź ÉTAPE 4 Ȱ TRAITEMENT DES SÉDIMENTS CONTAMINÉS 
Ȃȱ ȱ ȱ 9&+)-( $-( &3+%&-*-#&( $-'( '9$%*-#&'( !"#&+*%#9'( A0-( ,-( )3"!9$9(
J"<"'",g(%#&-3<%-#&(BI%403-(]`C.(K-'('9$%*-#&'(#-('"#&()+'('7'&9*+&%A0-*-#&(&3+%&9';(
-#(3+%'"#(#"&+**-#&(f(
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Ŷ $0(*+#A0-($-(394,-*-#&+&%"#(!,+%3-(j(
Ŷ $0(!"t&(9,-<9($-(&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'(j(
Ŷ ȱ ȱ ȱ ¸ȱ ·ȱ ȱ ȱ ·ȱ ȱ ¡ȱ Ȃȱ ȱ ȱ
&3+%&-*-#&.(
(
Figure 20 Ŷ Place du procédé Novosol® dans la démarche globale de gestion des sédiments 
contaminés 
K-'( 59#9I%ȱ ¡ȱ Ȃȱ ȱ ȱ ·ȱ ·ȱ
$"%<-#&(P&3-()-'9'(+0(3-4+3$($-'(!"t&'($0(&3+%&-*-#&(-&($-('-'(%*)+!&'()"''%5,-'('03(
Ȃǯȱȱ¡ǰȱȱȱȱ¥ȱȱ),+0'%5,-(Ȃȱȱȱȱ
·ȱȱȱȂ(ȱȱ·ȱȱȱȂȱȱȱȱ
ȱ·ȱȱ·ȱȱȱȱ·ȱȱǯȱȂȱȱȱȱ
%*)"3&+#&($-()-'-3(,-'(+<+#&+4-'(-&(%#!"#<9#%-#&'(Ȃȱ·ȱȱȱȱ
-#()3-#+#&(-#(!"*)&-(ȱȱȱȱȂǯ(
r"#$+*-#&+,-*-#&;( ,-'( &3+%&-*-#&'( $-( '9$%*-#&'( $"%<-#&( Ȃȱ Ȃ(
0#-(A0+,%&9(-#<%3"##-*-#&+,-(+!!-)&+5,-;(#-(*"$%I%+#&()+'(,-'()3"!-''0'(#+&03-,'('03(
0#-( )93%"$-( $-( &-*)'( 3+%'"##+5,-.( E19"3%A0-*-#&;( 0#( '9$%*-#&( #-( !"33-')"#$+#&(
)+'(+02(!3%&Q3-'($-(A0+,%&9("0(+7+#&($-'(%*)+!&'(-#<%3"##-*-#&+02(#9I+'&-'($"%&(P&3-(
··ȱ ȱ ǯȱ ȱ ȱ ȱ ǰȱ Ȃȱ ·ȱ ȱ
·ȱ ȱ ȱ Ȃȱ ȱ "%&( 39)"#$3-( +02( )3%#!%)+,-'( A0-'&%"#'( '0%<+#&-'(
hWLRSD[;(]``ci(f(
Ŷ ,-('9$%*-#&(!"#&+*%#9()"033+R&R%,(P&3-(&3+%&9($+#'(0#($9,+%(+!!-)&+5,-(|(
Ŷ ,-'( '9$%*-#&'( &3+%&9'( '-3"#&R%,'( $%')-3'9'( #+&03-,,-*-#&( "0( )+3( 0#( +0&3-(
*9!+#%'*-(|(
Ŷ ,-('9$%*-#&(!"#&+*%#9()"'-R&R%,(0#($+#4-3()"03($-'(x"#-'(9,"%4#9-'(|(
Ŷ $-'(+,&-3#+&%<-'(&-!1#%A0-*-#&(-&(9!"#"*%A0-*-#&(I+%'+5,-'(-2%'&-#&R-,,-'()"03(,-(
&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'(|(
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Ŷ ,-'( -II-&'( )"'%&%I'( :( ,"#4( &-3*-( $0( &3+%&-*-#&( ȱ Ȃȱ '"#&R%,'(
59#9I%A0-'()+3(3+))"3&(+02(-II-&'(#9I+'&-'(:(!"03&(&-3*-(|(
S#( 39)"#'-( :( !-'( A0-'&%"#';( %,( -2%'&-( -#( 49#93+,( &3"%'( ")&%"#'( $-( &3+%&-*-#&( $-'(
'9$%*-#&'(!"#&+*%#9'(BI%403-(]\C(f(
Ŷ #-()3-#$3-(+0!0#-(*-'03-(-&(,+%''-3()-3$03-3(,+('9$%*-#&+&%"#(#+&03-,,-(j(
Ŷ &3+%&-3(,-'('9$%*-#&'(!"#&+*%#9'('03(),+!-(j(
Ŷ -#I%#;( $3+40-3( ,-'( '9$%*-#&'( !"#&+*%#9'( -&( ,-'( -#<"7-3( '03( 0#( +0&3-( '%&-( )"03(
&3+%&-*-#&("0(#"#.(
(
Figure 21 Ŷ Options de Traitement 
Source : US-EPA 
M,( )-0&( P&3-( "))"3&0#( $-( !"*5%#-3( $%II93-#&-'( ")&%"#'.( [%#'%;( %,( -'&( )"''%5,-( $-(
$3+40-3( ,ȱ ·ȱȱȱȱȂȱ ȱȱ$-( ,-'( &3+%&-3($+#'(0#-( +0&3-(
)+3&%-( $0( '%&-.( S#( 3Q4,-( 49#93+,-;( ,-'( 59#9I%!-'( -#<%3"##-*-#&+02( +&&-#$0';( ,-'(
ȱ ·ȱ ȱ ȱ ȱ ·ȱ ȱ Ȃǰȱ ȱ ȱ ȱ ȱ
$9!"#&+*%#+&%"#(+%#'%(A0-( ,+(I+%'+5%,%&9(-&( ,-(!"t&($-'($%II93-#&'(&3+%&-*-#&'('"#&( ,-'(
)3%#!%)+02(!3%&Q3-'($-($9!%'%"#($-'(")&%"#'.(
?"#!-3#+#&( ,-'( $%II93-#&-'( ")&%"#'( $-( &3+%&-*-#&;( '%( ,+( $-'&30!&%"#( !"#'%'&-( -#(
)3-*%-3( ,%-0( :( 39$0%3-( ,-'( 3%'A0-'( '+#%&+%3-'( -&( -#<%3"##-*-#&+02;( ,-'( '9$%*-#&'(
,+%''9'( '03( ),+!-( '"#&( )3"5+5,-*-#&( ),0'( !"#&+*%#9'( A0-( !-02( $3+%#9'.( [%#'%;(
$%II93-#&'($-439'($-(&3+%&-*-#&()-0<-#&(P&3-(3-A0%'(+<+#&(,+($-'&30!&%"#($0('9$%*-#&.(
>+#'(!-3&+%#'(!+';(%,(-'&()"''%5,-($-('9)+3-3(,-'('9$%*-#&'(-&(,-'(39'%$0'($-(&3+%&-*-#&(
-#(I3+!&%"#'(G(!"#&+*%#9-(H(-&(G(#"#(!"#&+*%#9-(H.([%#'%;('-0,-(,+(I3+!&%"#(!"#&+*%#9-(
$-<3+(P&3-('&"!p9-($+#'(0#-(x"#-()3"&949-(+,"3'(A0-( ,-'('9$%*-#&'( &3+%&9'()"033"#&(
P&3-( <+,"3%'9'.( ?-&&-( '9)+3+&%"#( $-'( '9$%*-#&'( !"#&+*%#9'( -&( #"#( !"#&+*%#9'( -'&(
!"**0#-( :( ),0'%-03'( &-!1#","4%-'( $-( &3+%&-*-#&( $-'( '9$%*-#&'( !"#&+*%#9';( )+3(
-2-*),-( ,-'( &-!1#","4%-'( $9&30%'+#&( ,-'( !"#&+*%#+#&'( )+3( !+,!%#+&%"#( B!I.( )3"!9$9(
J"<"'",gC.( ?-)-#$+#&;( )"03( +5+%''-3( ,-'( !"t&';( ,-'( &-!1#","4%-'( $-( &3+%&-*-#&( $-'(
'9$%*-#&'( !"#&+*%#9'( $"%<-#&( '-( *"#&3-3( !+)+5,-'( Ȃ( ,-'( !"#!-#&3+&%"#'(
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!1%*%A0-'( $-'( !"#&+*%#+#&'( $+#'( ,-'( '9$%*-#&'( &3+%&9'( 60Ȃ:( $-'( #%<-+02(
+!!-)&+5,-'.(
L+#'(-#&3-3($+#'(,-'($9&+%,';(,-'(")&%"#'($-(&3+%&-*-#&($-('9$%*-#&'(!"#&+*%#9'('-(
39)+3&%''-#&(-#(!%#A(!+&94"3%-'(f(
Ŷ 39$0!&%"#($0(<",0*-($-('9$%*-#&'(!"#&+*%#9'(j(
Ŷ #-0&3+,%'+&%"#($0(!"#&+*%#+#&(j(
Ŷ $-'&30!&%"#($0(!"#&+*%#+#&(j(
Ŷ -2&3+!&%"#($0(!"#&+*%#+#&(j(
Ŷ '9)+3+&%"#(&1-3*%A0-.(
Ź ÉTAPE 5 Ȱ GESTION DU SÉDIMENT 
K+( )1+'-( $-( &3+%&-*-#&( ȱ ȱ ¹ȱ ·ȱ ȱ Ȃ( )1+'-( $-(
4-'&%"#($-'('9$%*-#&';(A0%(!"*)"3&-(A0+&3-(*"$+,%&9'(f(
Ŷ ,-($9<-3'-*-#&(+A0+&%A0-($-'('9$%*-#&'($9!"#&+*%#9'("0(#"#(!"#&+*%#9'(j(
Ŷ ,+(<+,"3%'+&%"#($-'('9$%*-#&';()"0<+#&('-(&3+$0%3-()+3($-'(!"#'&30!&%"#'($-($%40-'(
"0( $+#'( ,-( !+'( $0( )3"!-''0'(J"<"'",g;( $-( 3-*5,+%'( $-( 3"0&-( )+3( 0&%,%'+&%"#( $-(
'9$%*-#&'(&3+%&9'("0($9!"#&+*%#9'(j(
Ŷ 0#( $9<-3'-*-#&( +A0+&%A0-( +I%#( $-( !"#I%#-3( ,-'( '9$%*-#&'( !"#&+*%#9'( )+3(
3-!"0<3-*-#&('03(0#('%&-(+A0+&%A0-("0(-#('&"!p+4-('03('%&-(9&+#!1-(j(
Ŷ ,+( ȱ Ȃȱ ȱ ··ȱ ¡ȱ ·ȱ ȱ ·;(
ȱȱȱȱȱȂ·($-'(3-6-&'(+&*"')193%A0-'.(
?-()3"!-''0'($-(4-'&%"#($-'('9$%*-#&'(!"#&+*%#9'( %#&Q43-($%II93-#&-'(&-!1#%A0-'(
$-(&3+%&-*-#&()39'-#&9-'(!%R+)3Q'.(
1.1.2. Différentes techniques de traitement des sédiments 
contaminés 
K-( &3+%&-*-#&( $-'( '9$%*-#&'( !"#&+*%#9'( %*)"'-( $-'( $9I%'( &-!1#","4%A0-';(
9!"#"*%A0-'(-&(-#<%3"##-*-#&+02($-(),0'(-#(),0'(%*)"3&+#&'.(M,()-3*-&(Ȃ(
$-'( &-#-03'( -#( )",,0+#&'( +!!-)&+5,-'( )"03( A0-( ,-'( '9$%*-#&'( !"#&+*%#9'( )0%''-#&(
9<-#&0-,,-*-#&(P&3-(390&%,%'9'.(W#-()1+'-($-(!+3+!&93%'+&%"#($0('9$%*-#&()-3*-&($-(
!1"%'%3( ,+( &ȱ ·ȱ ȱ ȱ Ȃȱ ȱ ȱ úǯȱ ȱ ǰȱ ȱ
&-!1#%A0-'( $-( &3+%&-*-#&( )-0<-#&( +<"%3( $-'( %*)+!&'( -#<%3"##-*-#&+02( $0'( :( $-'(
ȱȂȱȦȱȱ£ǯ(
K-( &+5,-+0( e( 3-43"0)-( ,+( ),0)+3&( $-'( &-!1#%A0-'( !"#<-#&%"##-,,-'( $-( &3+%&-*-#&(
ȱ ·ȱ ·ȱ ǯȱ ȱ ȱ ¥ȱ ȱ Ȃȱ ȱ ȱ
&3+%&-*-#&($-('9$%*-#&'(!"#&+*%#9'(#-()-0&(9,%*%#-3;('&"!p-3("0(&3+%&-3(0#('9$%*-#&(
!"#&+*%#9( '+#'( )-3&035+&%"#'( -&( '+#'( 3-,U!1-*-#&( $-( !"#&+*%#+#&'( ,"3'( $-'(
êǯȱ ȱ 3&035+&%"#'( +)),%A09-'( +0( '7'&Q*-( '9$%*-#&+%3-( '-( &3"0<+#&( +0(
ȱȂȱ ȱ ȱ ȱ ȱ ȱȱ ȱ ȱ ȱ ȱ
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ȱ ȱ ȱȂ;( $"#&( ,+( '",0&%"#($-( &3+%&-*-#&(ȱ Ȃȱ Ȃȱ ȱ ȱ
),0'(I+%5,-()"''%5,-.((
(
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!%360+N2%(&'%&*-"+*%)%0*& Y77$+3"*+10& 5"-"3*=-+(*+N2%(& RKK+3"3+*=& 51Z*&
! - " + * %) % 0 * & # + 1 $ 1 @ + N 2 % &
( )-'&%!%$-';(17$3"!+3503-';(
D?N;(+3"*+&%A0-'(!1,"39'(
)V($-(a;c(:(e;c(
&-*)93+&03-($-(cd(:(\b_(~?(
17$3+&+&%"#($-(a`(:(e`((
$9)-#$($0(<",0*-($-(
&3+%&-*-#&(
*"7-##-*-#&(9,-<9(
! - " + * %) % 0 * & 7 6 I ( + 3 1 H 3 6 +) + N 2 % &
V=36$1-"*+10&
&
&
$%"2%#-';(D?N;(?1,"3"5-#xQ#-(
)V(Ä(](
&-*)93+&03-($-(\ce(:(^`](~?(
17$3+&+&%"#(Å(]`((
-II%!+!%&9(Ä(de(()"03(,-'(D?N( 9,-<9(
RA*-"3*+10&7"-&(1$M"0*&
D?N;(!"*)"'9'("34+#%A0-'(
<",+&%,';(+3"*+&%A0-';(*9&+02(
!"*)"'9'("34+#%A0-'(Å(a`((
)"3&%"#('",%$-(Å(]`(
-·ȱȂȱşŖ(()03(
,-'(D?N(
9,-<9(
G%((+M"@%&'%(&(1$(& *9&+02(,"03$';(+3"*+&%A0-';(
D?N;()-'&%!%$-'(
&+%,,-($-'()+3&%!0,-'(`;`b^R
](**(
d`Rdd(($-'(<",+&%,'(-&(-#&3-(
a`(-&(d`(()"03(,-'('-*%R
<",+&%,'(
9,-<9(
[1$+'+K+3"*+10\(*"#+$+("*+10& !"*)"'9'(%#"34+#%A0-';(
5"0-'(10%,-0'-(-&('",<+#&'(
( &"&+,-*-#&(-II%!+!-('03(
!"*)"'9'(%#"34+#%A0-'(
)-0(9,-<9(
! - " + * %) % 0 * & * 6 % -) + N 2 % &
5"$3+0"*+10&
!"*)"'9'(<",+&%,'(-&('-*%R
<",+&%,';($%"2%#-'(
17$3+&+&%"#(Å(c`((
&+%,,-($-()+3&%!0,-'(\R](**(
),0'($-(dd(()"03(,-'(
!"*)"'9'("34+#%A0-'( &3Q'(9,-<9(
V=(1-7*+10&]&#"((%&*%)7=-"*2-%&
!"*)"'9'(<",+&%,'(-&('-*%R
<",+&%,'( ( dd(( 9,-<9(
Tableau 8 Ŷ Techniques de traitement de sédiments contaminés 
Source : US-EPA 
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K+( '9,-!&%"#($-'( &3+%&-*-#&'()3%<%,94%-( !-02(Ȃȱ ȱȱȂ( ,'! -,(*;(
!+3(,+(,%*%&+&%"#($-'(&3+#')"3&'(-&($-'(3%'A0-'(%#$0%&-()-3*-&(0#-('-#'%5,-(5+%''-($-'(
!"t&'.(J9+#*"%#';(0#(&3+%&-*-#&('03('%&-($-*+#$-(0#(-')+!-(!"#'9A0-#&;( !"#$%&%"#(
3+3-*-#&(3-*),%-.(
>+#'( ,+(*+6"3%&9($-'(!+';( ,-('9$%*-#&(-'&($3+409;()0%'('&"!p9("0( &3+%&9( $S!-,(*8(K-(
ȱȱȂȱȱ$S!-,(*(-'&('+(I"3&-(+!!-)&+&%"#('"!%+,-(*+,439($-'(
úȱȱȱȱ¥ȱȂ¡!&%"#;(+0(&3+#')"3&(-&(+0(&3+%&-*-#&.(K-(3-&3+%&(-&(,-(
&3+#')"3&( $-'( '9$%*-#&'( !"#&+*%#9'( !"#'&%&0-#&( &"0&-I"%'( $-'( 9&+)-'( $9,%!+&-';(
3%'A0+#&(Ȃȱȱȱȱȱȱ60'A0-(,:(%#$-*#-.(K+($9!%'%"#($-(
$3+4+4-($9)-#$($-( ,+( #+&03-($0( '9$%*-#&;( $-( ,+()3"I"#$-03($0( '%&-( +A0+&%A0-;( $-(
Ȃ·ȱ ȱ ȱ ȱ ȱ ·ǰȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
*+&93%-,( ")93+&%"##-,( :( $%')"'%&%"#(j( A0+#&( +02( &-!1#%A0-'( $-( $3+4+4-;( %,( -#( -2%'&-(
&3"%'()3%#!%)+,-'(f(*9!+#%A0-;(17$3+0,%A0-(-&()#-0*+&%A0-.(K+(*9&1"$-($-(&3+#')"3&(
$-()3"$0%&'($3+409'($9)-#$($-(,+($%'&+#!-(-#&3-(,-'('%&-'($-($3+4+4-(-&($-(&3+%&-*-#&.(
K-'()3%#!%)+,-'( &-!1#%A0-'($-( &3+#')"3&( 3-!"03-#&( +02( G()%)-,%#-'(H;( +02( 5+34-';( +0(
!1-*%#($-( I-3( -&( +02( !+*%"#'.( K+( '9,-!&%"#( $0(*"$-($-( &3+#')"3&( 60'AȂȱ ȱ ȱ
&3+%&-*-#&( $9)-#$( $-( ,+( &-!1#%A0-( $-( $3+4+4-( -&( $0( !1"%2( $-( &3+%&-*-#&( $-'(
'9$%*-#&'(!"#&+*%#9'.((
[)3Q'(!-&&-()1+'-($-($3+4+4-(-&($-(&3+#')"3&;(,-('9$%*-#&($3+409('05%&(0#-()1+'-(
$-()39&3+%&-*-#&()+''+#&(#"&+**-#&()+3(0#-(9,%*%#+&%"#($0('03),0'(-#(-+0(-&()+3(0#(
&3%(ȱȱȱȂ·ȱ ,-'(43+#0,"*9&3%-'(&3")(%*)"3&+#&-'.(W#-()1+'-($-(
)39&3+%&-*-#&( $0( '9$%*-#&( !"#&+*%#9( )39'-#&-( A0+&3-( +<+#&+4-'( -#( 3+%'"#( $-( ,+(
!+)+!%&9($-'(!"#&+*%#+#&'(:('-(I%2-3('03(,-'(I%#-'\](f(
Ŷ 39$0%3-(,+(&-#-03(-#(-+0(+I%#($-(I+!%,%&-3(,-(&3+#')"3&(<-3'(0#(,%-0($-('&"!p+4-("0(
$-(&3+%&-*-#&(j(
Ŷ 39$0%3-(,-(<",0*-($-('9$%*-#&'(:(&3+%&-3("0(:(),+!-3(-#('%&-'(!"#I%#9'(j(
Ŷ )-3*-&&3-( $-( I+<"3%'-3( "ȱȂ··ȱ ȱ ·ȱȱ ȱ ȱ ȱ ȱ
'9)+3-3(,-'(*+&93%+02(<+,"3%'+5,-'($-(!-02($-<+#&(P&3-(&3+%&9'("0(*%'(-#($9)Z&(j(
Ŷ -#I%#;( )-3*-&&3-( $-( &3%-3( ,-'( *+&93%+02( -#( $%II93-#&-'( !+&94"3%-'( 39)"#$+#&( :(
$%II93-#&'(&7)-'($-(&3+%&-*-#&.(
Ȃ·+&%"#( $-( Ȃȱ ȱ ȱ ȱ ·ȱ 3+))3"!1-( '+(*+#%)0,+&%"#( -&(
'"#( &3+#')"3&( ȱ ¡ȱ Ȃ0#-(*+&%Q3-( '",%$-;( -&( )39)+3-( ,-( '9$%*-#&( +02( 9&+)-'( $-(
ǯȱȱȱȱȱȱȱȂȱȱ··ȱȱȱ
)-0(!"t&-0'-(*+%'(3-A0%-3&($0(&-*)'(-&(0#(-')+!-(!"#'9A0-#&.(K-'(*9&1"$-'(0'0-,,-'(
'"#&( ,+( !-#&3%I04+&%"#;( ,+( I%,&3+&%"#( "0( ,+( '0))3-''%"#( )+3( 43+<%&9.( >-'( )3"$0%&'(
!1%*%A0-'( !"**-( $-'( I,"!0,-#&'( )-0<-#&( P&3-( +6"0&9'( )"03( +!!9,93-3( ,-( $9)Z&( $-'(
)+3&%!0,-'( '",%$-'( -#( '0')-#'%"ǯȱ Ȃ·ȱ ȱ &+*%'+4-( $-'( )+3&%!0,-'( )-3*-&( $-(
'9)+3-3(,-'()+3&%!0,-'('9$%*-#&+%3-'('-,"#(,-03'()3")3%9&9'()17'%A0-'(B&+%,,-;($-#'%&9;(
(((((((((((((((((((((((((((((((((((((((((((((((((
\](L-,"#(,-(K+3"0''-;(G(*"3!-+02($-(*%#-3+%'($-($%*-#'%"#(*%,,%*9&3%A0-;('"0<-#&('9)+39'()+3(!3%5,+4-()"03(P&3-(
&3+%&9'(:()+3&("0(+44,"*939'(H.(
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ǳC;(,+()+3&%-(43"''%Q3-()"0<+#&(P&3-(390&%,%'9-;(+)3Q'(+<"%3(9&9(+#+,7'9-;(!"**-(
3-*5,+%'("0(5%-#(!"**-(*+&93%+0($-(!"#'&30!&%"#.(?-&&-($9*+3!1-()-0&(-#4-#$3-3(
Ȃȱ·ȱȱ·ǯ(
Ȃȱ ȱ ȱ ··ȱ g;( !"**-( $-( &"0&( &3+%&-*-#&( $-(
·ȱ ·ǰȱ ȱ Ȃ¡ǰȱ %**"5%,%'-3;( $9&30%3-( "0( #-0&3+,%'-3( ,-'(
!"#&+*%#+#&'.( K-'( $%II93-#&-'( &-!1#%A0-'( $-( &3+%&-*-#&( )39'-#&-#&( !1+!0#-( $-'(
+<+#&+4-'(*+%'(+0''%($-'(%#!"#<9#%-#&';()3%#!%)+,-*-#&($0'(:(0#-(,%*%&+&%"#($+#'(,-(
#"*53-($-(!"#&+*%#+#&'(&3+%&9'(B!-3&+%#-'(&-!1#%A0-'(#-(&3+%&+ȱȂȱ·ȱȱ
!"#&+*%#+#&'Cǯȱȱǰȱ Ȃ943+&%"#(Ȃ0#-(&-!1#%A0-()+3&%!0,%Q3-($+#'( ,-()3"!-''0'(
$-( &3+%&-*-#&( -#4-#$3-( $-'( $%II%!0,&9'( -&( $-'( !"t&'( '0)),9*-#&+%3-'.( [%#'%;( $%<-3'(
!3%&Q3-'( %#I,0-#&( '03( ȱ ¡ȱ Ȃȱ ·ȱ ȱ (f( )3")-#'%"#( $-'(
!"#&+*%#+#&'( :( ,+( ,%2%<%+&%"#\^;( '&+5%,%&9( $-'( !"#&+*%#+#&';( !+3+!&93%'+&%"#( $-'(
'9$%*-#&'( -&( $-( ,-03'( !"#&+*%#+#&';( 1"*"49#9%&9( $-'( '9$%*-#&'( -&( %*)+!&'(
-#<%3"##-*-#&+02( '"!%+02( -&( '+#%&+%3-'.( D+3*%( ,-'( &3"%'( 43+#$-'( !,+''-'( $-(
&3+%&-*-#&'( B5%","4%A0-;( )17'%!"R!1%*%A0-;( "0( $-( '&+5%,%'+&%"#! Ȱȱ C8(&+5,-+0(eC;(
ȱ ȱ·ȱȱ ȱ ȱȱ Ȃȱȱ··ȱg;($9!3%&( !%R
$-''"0'.(
2. Le système Novosol® 
K-'(9&+)-'($0()3"!9$9(J"<"'",g;($9<-,"))9()+3(,-(43"0)-(L",<+7(L[;(!"*5%#-#&(
$%II93-#&-'( &-!1#%A0-'( $-( &3+%&-*-#&( $-( '9$%*-#&'( !"#&+*%#9'( +I%#( $-( '&+5%,%'-3( ,-'(
39'%$0'(*%#93+02(!"#&+*%#9'()+3($-'(*9&+02(,"03$'(-&($-'(!"*)"'9'("34+#%A0-'.(?-(
)3"!9$9(!"#'&%&0-(0#('7'&Q*-(&-,(A0-($9I%#%()+3(N-3&+,+#II7(hN-3&+,+#II7;(\dbei.(
J"<"'",g( %#&Q43-( $-'( &-!1#","4%-'( %##"<+#&-'( )"03( 39)"#$3-( +02( $%II93-#&-'(
)3"5,9*+&%A0-'( $0( )3"!9$9.( [%#'%;( %,( -2),"%&-( ,-( )3"!9$9( J-0&3-!g\a( $9<-,"))9(
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2.1. Le procédé Novosol® 
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2.1.1. La phase de phosphatation 
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Figure 22 Ŷ Diagramme de flux Novosol® lors de la phase de phosphatation organisé en 
fonction des zones de responsabilité de chaque opérateur 
source : Solvay SA 
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(
Figure 23 Ŷ Étape de phosphatation du procédé Novosol® illustrée en fonction des zones de 
responsabilité de chaque opérateur 
source : Solvay SA et conforme à la figure 22 
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2.1.2. La phase de calcination 
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Figure 24 Ŷ Étape de calcination du procédé Novosol® 
source : Solvay SA 
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D,0'%-03'(0#%&9'()%,"&-'($0()3"!9$9(J"<"'",g("#&(9&9(!"#'&30%&-'(+I%#($-()3"!9$-3(:(
$%<-3'(&-'&'($-(!"#I%3*+&%"#($-'()-3I"3*+#!-'($0()3"!9$9(ȱȂ·ȱ(!"t&'(
Ȃȱ ȱ ȱ ǯȱȱ·ȱȱ ȱ ȱ ȱ ,+(
<+,"3%'+&%"#($-'( 39'%$0'( &3+%&9'( B!"#'&30!&%"#($-( $%40-'( -&( $-( 3"0&-';( I+53%!+&%"#($-(
ǳǼǰȱ ȱ ·( ,+( *%'-( -#( $9!1+34-.( ?-'( <"%-'( $-( <+,"3%'+&%"#( "#&( 9&9(
!"*),9&9-'( 39!-**-#&( )+3( ,-( $9<-,"))-*-#&( $-( !%*-#&( :( 5+'-( $-( 39'%$0'( &3+%&9'(
43U!-(:(,+(&-!1#","4%-(J"<"'",g.(
K-()3"!9$9(J"<"'",g(-'&(*%'(:( ,+($%')"'%&%"#($-'()"0<"%3'()05,%!'(-&($-'(+!&-03'(
ȱȱȱȱȂȱȱȂ¡ǰȱȱȱȱȱȱȱ
+<-!( ,-'( $%II93-#&'( )+3&-#+%3-';( A0%( I+<"3%'-( ,+( )"03'0%&-( $0( $9<-,"))-*-#&( $0(
)3"!9$9( +<-!( ,-( '"0&%-#(Ȃ·ȱ Ȃ¡ǯȱȱ ·ȱȂȱ -'&( ¥ȱ Ȃȱ ȱ
)3"6-&( LS>M8[@>( BG(L9$%*-#&'(*+3%#'( $3+409'( !"#&+*%#9'(HC;( %#%&%9( )+3( ,-( !"#'-%,(
49#93+,( $0( X+3( ȱ ȱ ȱ Ȃ( \;_( *%,,%"#( Ȃȱ ȱ ¢ȱ ·ȱ ¥ȱ
Ȃ·ȱȱȱȂȱ(-#(N-,4%A0-.(
2.2. La description du système Novosol® 
Ȃ¢ȱ·ȱȱȱ·ȱȱȂ·ȱȱ;(!"#I"3*9*-#&(+02(
-2%4-#!-'( %#$0'&3%-,,-'( I"3*0,9-'()+3( ,-(43"0)-(L",<+7(L[.(K+()1+'-($-(!+,!%#+&%"#(
-'&($"#!('!%-**-#&(9!+3&9-.(
Ȃȱ#&($-(<0-('&3%!&-*-#&(&-!1#%A0-;(,+($7#+*%A0-($0()3"!9$9(J"<"'",g(3-'&-(
'%*),-(BI%403-(]cC.((
(
Figure 25 Ŷ Modèle dynamique de la phase de phosphatation du système technique Novosol® 
D+3(+%,,-03';(,-()3"!9$9(-'&(A0+#&%I%+5,-(+I%#($-()-3*-&&3-(Ȃ($-('!9#+3%"'(
Ȃ·ȱ ( '"#( I"#!&%"##-*-#&( -&( $-( ȱ ǯȱ ·ǰȱ Ȃȱ ȱ
)39'-#&(&3+<+%,($-(&1Q'-(#-('-(3-'&3-%#&()+'(+0('"0'R'7'&Q*-(&-!1#%A0-(ǱȱȱȂȱȱȱ
5%-#(Ȃ(ȱ ȱ Ȃȱ ȱ ȱ ··;( ȱ ȱ Ȃȱ ¢¸ȱ 5+,(
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ȱ ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ ȱ Ȱȱ ȱ ,-'(
I+!&-03'(10*+%#(-&("34+#%'+&%"##-,.(
?-&&-(ȱȂ¢('-(3-&3"0<-($+#'(,-(*"$Q,-(3-)39'-#&+#&(,+($7#+*%A0-($0(
'7'&Q*-( J"<"'",g( !-#&39-( '03( ,+( '9!03%&9;( $+#'( 0#( '"0!%( $-( )-3I"3*+#!-(
!"#I"3*9*-#&( +02( $9*+3!1-'( -#( '9!03%&9( $-'( '7'&Q*-'( BI%403-( ]bC.( ?-( *"$Q,-(
¢ȱ ȱ Ȃȱȱȱ·ȱ ȱȱ Ȃȱȱ¸ȱ
ȱȱȱ¡ȱ ȱ Ȃȱȱ ȱȱ ¢¸ȱ(
B&+5,-+0(dC.((
Ȃȱ ȱ ·ȱ Ȃȱ ȱ ȱ ·ȱ Ȃ·%"3+&%"#( $-( ,+(
)-3I"3*+#!-( )+3( 0#-( 4-'&%"#( $-'( 3%'A0-'( -&( $-( ,+( '9!03%&9( +0( '-%#( $0( '7'&Q*-.( ?-(
*"$Q,-($7#+*%A0-()-0&(¹ȱ¥ȱȂȱȱ()"3&+#&('03(Ȃȱȱ
,+('9!03%&9("0('03(,Ȃ·ȱȱȱ··ǰȱ·ȱȱȱȱ+)%&3-.(
(
^"-+"#$%(&(*-23*2-%$$%(&'2&(I(*,)%&_1M1(1$`&
G+=%(&]&20&0+M%"2&'%&7%-K1-)"03%(&
a0+M%"2&6+=-"-36+N2%b&
G+=%(&]&20&0+M%"2&'%&N2"$+*=&a310*-c$%(b&
ȱȱȂ¡( @94,-*-#&+&%"#(
>%3-!&%"#($0($9<-,"))-*-#&( S2%4-#!-'($-($9<-,"))-*-#&(
8+#+4-*-#&($0($9<-,"))-*-#&( @+))"3&'($-($9<-,"))-*-#&(
>9<-,"))-03'( >"!0*-#&+&%"#(-&(%#49#%-3%-(
?"#!-)&%"#(-&(+!A0%'%&%"#( q<+,0+&%"#($-'($+#4-3'(-#(!"#!-)&%"#(
8+%#&-#+#!-(-&(9<",0&%"#( ȱȂ¡ȱȱȂ(
ȱȱȂ¡( D3"!9$ȱȂ¡(
( q<+,0+&%"#($-'($+#4-3'(-#(-2),"%&+&%"#(
( r"3*+&%"#'($-'(")93+&-03'(
( D3"!9$03-'($-($9<-,"))-*-#&(
( r"3*+&%"#($-'($9<-,"))-03'(
Tableau 9 Ŷ Variables structurelle du système Novosol® 
K+( $-'!3%)&%"#( $"##9-( $0( '7'&Q*-( J"<"'",g( BI%403-(]_C( -'&( 0#( *"$Q,-( '&+&%A0-(
I"!+,%'9( '03( ,+( '&30!&03-( $0( '7'&Q*-( 4,"5+,( J"<"'",g( *-&&+#&( -#( -2-340-( '-'(
1%93+3!1%-'( +%#'%( A0-( '-'( $%II93-#&-'( %#&-3+!&%"#'.( ?-( '!19*+( +( 9&9( !"#'&30%&(
·ȱ ¥ȱ Ȃ·ȱ ]( $-( ,+( *9&1"$-( LED[( +0( '-%#( $-( ,+( )1+'-( '&+&%A0-(
BC.(!1+)%&3-(^Ǽȱ ȱ ·ȱ Ȃȱ ȱ ȱ ¡ȱ ·ȱ ȱ ȱ
'7'&Q*-(J"<"'",g.(
?-( *"$Q,-( '&+&%A0-;( -''-#&%-,( $+#'( ,+( $9&-3*%#+&%"#( $-'( 1%93+3!1%-'( -&( $-'(
%#&-3+!&%"#'( -#&3-( ,-'( 9,9*-#&';( '-3&( $-( )"%#&( $-( $9)+3&( )"03( Ȃ·ȱ Ȃȱ
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Ȃ%"#(-&($-()-3I"3*+#!-($0('7'&Q*-(J"<"'",g.(
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Figure 26 Ŷ ,QIOXHQFHVDXVHLQGXV\VWqPH1RYRVROHQSKDVHGHGpYHORSSHPHQWHWG¶H[SORLWDWLRQ, centré sur le niveau de risque 
(
(
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Figure 27 Ŷ Description générale de la structure du système Novosol®. 
Cette structure décrit les niveaux hiérarchiques du système Novosol® et met HQ pYLGHQFH O¶HQVHPEOH GHV LQWHUDFWLRQV HQWUH OHV
acteurs du système. Cette hiérarchisation du système sert de support pour la définition des rôles et des responsabilités (contrôles) 
qui interviennent entre niveaux. 
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3. ASSOLFDWLRQGHODWHFKQLTXHG¶DQDO\VHGHVGDQJHUV
STPA 
·ȱ¥ȱȱȱȂ¢;(L",<+7(L[(+($9I%#%($-'(-2%4-#!-'($-('9!03%&9;(
+%#'%(I"3*0,9-'(f(
Ŷ +)),%A0-3(0#-($9*+3!1-(-#(4-'&%"#($-'( 3%'A0-'(<%'+#&( :( 9,%*%#-3( ,-'( 3%'A0-'($0(
)3"!9$9(J"<"'",g()"03(+&&-%#$3-(0#(#%<-+0($-(3%'A0-(+!!-)&+5,-(j(
Ŷ I"3*0,-3( $-'( 3-!"**+#$+&%"#'( <%'+#&( :( +*9,%"3-3( ,-( #%<-+0( $-( 3%'A0-'( )"03(
")&%*%'-3( ,+('9!03%&9(-#()3-#+#&(-#(!"#'%$93+&%"#($-'(-2%4-#!-'($-()-3I"3*+#!-;(
$-(!"t&(-&($-(&-*)'.(
K+( $9*+3!1-( +$")&9-( +( !"#'%'&9( :( *-&&3-( -#( ),+!-( $-'( -2%4-#!-'( 4,"5+,-'( $-(
··ȱ ··ȱ ¦ȱ ¥ȱ Ȃȱ ȱ ȱ ȱ Ȃ¢ȱ ( $+#'( ,-(
'7'&Q*-( J"<"'",g.( ȱ ·ȱ ȱ ȱ ȱ Ȃ·ȱ ȱ ȱ ȱ
'9!03%&9($0('7'&Q*-(J"<"'",g(&"0&(+0(,"#4($-('"#(!7!,-($-(<%-\d.(K-('7'&Q*-(J"<"'",g(
)39'-#&-( $-'( !"#&3Z,-'( )"&-#&%-,,-*-#&( %#+$9A0+&'( B9<+,0+&%"#( $-'( $+#4-3'( #"#(
-II-!&09-ǰȱ·ȱȱ·ǰȱ·ȱȂ¡ȱȱȱȱ·ǳǼȱ¥ȱ
),0'%-03'(#%<-+02(1%93+3!1%A0-';()"0<+#&(+<"%3(0#( %*)+!&('03( ,-(#%<-+0($-('9!03%&9(
4,"5+,($0('7'&Q*-.(
ȱ ȱ ·ȱ ¥ȱ ȱ ȱ ȱ ··ǰȱ ȱ ȱ Ȃ¢ȱ ȱ ȱ
+)),%A09-( %!%( !"#I"3*9*-#&( :( ,+( *9&1"$","4%-( )39'-#&9-( $+#'( ,-( !1+)%&3-( ^.( L"#&(
$"#!( %!%( +)),%A09-'( ,-'( $%II93-#&-'( 9&+)-'( $-( ,+( &-!1#%Aȱ Ȃ¢ȱ ȱ ȱ
LED[(BI%403-(]eC(+0('-%#($0('7'&Q*-(J"<"'",g.(
(((((((((((((((((((((((((((((((((((((((((((((((((
\d(Ȃȱȱȱȱȱ·ȱȂ¢ȱȱ()"03( ,-()3"!9$9(J"<"'",g(·ȱ¥ȱ Ȃȱ
ȱȱ¢ȱȱ··ȱȱȱŘŖŖşȱȱȱȱȂȱȱȍ()+)%-3(ȎȱȱȂ¢ȱ
ȱȱȂȱ
ȱȱȂ¢ȱ
ȱȱȱȱȱȱȂ·ȱȱȱ##-,'.(
?-'(<-3'%"#'($9,%<39-'('"#&(*"$%I%+5,-'(-&()-3*-&&-#&(0#-(*%'-(:( 6"03( &"0&(+0( ,"#4($0(!7!,-($-(<%-($0('7'&Q*-(
J"<"'",g.(
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Figure 28 Ŷ Processus STPA en évaluation de la sécurité 
adapté de Leveson et Daouk [Leveson, Daouk,  2004] 
K+(ȱȂ¢ȱȱ!"*)"3&-(!%#A(9&+)-'(f(
Ŷ 9&+)-(\(f(+#+,7'-()39,%*%#+%3-($-'(3%'A0-'(G('7'&Q*-(H(-&($9I%#%&%"#($-'(-2%4-#!-'(
-&($-'(!"#&3+%#&-'(G('7'&Q*-(H(j(
Ŷ 9&+)-( ](f( 9&+5,%''-*-#&( $-( ,+( '&30!&03-( $-( !"#&3Z,-( $-( ,+( '9!03%&9( B3Z,-'( -&(
3-')"#'+5%,%&9'($-'(9,9*-#&'(-&(*9!+#%'*-'($-(39&3"+!&%"#C(j(
Ŷ 9&+)-(^(f( %#&943+&%"#($-'( -2%4-#!-'( G('7'&Q*-(H( -&($-'( !"#&3+%#&-'( G('7'&Q*-(H( +0(
#%<-+0($-'(9,9*-#&'(j(
Ŷ 9&+)-( a(f( -2+*-#( $-( ,+( '&30!&03-( $-( !"#&3Z,-( -&( $-'(*"$Q,-'( $-( )3"!-''0'( )"03(
+#+,7'-($9&+%,,9-($-'(!"#&3Z,-'(%#+$9A0+&'(j(
Ŷ 9&+)-( c(f( !+&94"3%'+&%"#( B%**9$%+&;( ,"#4( &-3*-;( '&+#$+3$C( -&( 4-'&%"#( $-'( 3%'A0-'(
B$9I+0&'($-(5"0!,-'($-(!"#&3Z,-C;(
%!%(3-)3%'-'(-&(+)),%A09-'(+0('7'&Q*-(J"<"'",g.(
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Ź ÉTAPE 1 Ȱ ANALYSE PRÉLIMINAIRE DES RISQUES « SYSTÈME » ET DÉFINITION DES 
EXIGENCES ET DES CONTRAINTES « SYSTÈME » 
K"3'(Ȃȱ·ȱȱ ȱ··ǰȱȱ¢ȱ·ȱȱȱȱȱ
$+#4-3'(-&(-II-!&09-(:(0#(#%<-+0(G('7'&Q*-(H(+I%#($-($9I%#%3(,-'(-2%4-#!-'(-#(*+&%Q3-(
$-('9!03%&9(+%#'%(A0-(,-'(!"#&3+%#&-'(-#('9!03%&9(:( %#&943-3.(?-&&-(+#+,7'-($"%&(P&3-(,+(
),0'()39!"!-()"''%5,-($+#'(,-(!7!,-($-(<%-($0('7'&Q*-.(
Ȃ¢ȱ ·ȱ ȱ ȱ ȍ('7'&Q*-(H( $+#'( ,-( '7'&Q*-( J"<"'",g( -'&(
·ȱ ȱ ¡ȱ ¡ȱ Ȃ¢(f( ,-( )3-*%-3( #%<-+0( !"#!-3#-( ,-( )3"!9$9(
&-!1#%A0-(J"<"'",g( &+#$%'(A0-( ,-( '-!"#$( '-( I"!+,%'-( '03( ,-( '7'&Q*-( '"!%"R&-!1#%A0-(
J"<"'",g.( ?-( !1"%2( 39)"#$( +02( -2%4-#!-'( $0( 43"0)-( L",<+7( -&( :( ,+( $9*+3!1-(
·ȱȱȱȱȂ¢ȱȱȱǯ(
[%#'%;( 0#-( )3-*%Q3-( +))3"!1-( +( 9&9( -#&3-)3%'-( +I%#( $-( I"03#%3( 0#-( 39)"#'-( +02(
$-*+#$-'( %#$0'&3%-,,-'( -#( *+&%Q3-( $-( 4-'&%"#( $-'( 3%'A0-'( +0( '-%#( $0( '7'&Q*-(
J"<"'",gǯȱ ȱ ȱ ȱ Ȃ·ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
)1"')1+&+&%"#($0('7'&Q*-(&-!1#%A0-(J"<"'",g.(
W#-( 9<+,0+&%"#( $-'( 3%'A0-'( )3"I-''%"##-,'( -&( 0#-( +#+,7'-( V[soD]`( "#&( 9&9(
39+,%'9-'( )"03( ,-( )3"!9$9( J"<"'",g.( K+( *9&1"$","4%-( V[soD( '-( 39<Q,-( -#( -II-&(
+))3")3%9-( +0( )3"!9$9( )17'%!"Rȱ Ȃȱ J"<"'",g( hS3%!'"#;( ]``ci(j(
ȱ Ȃȱ ǰȱ ȱ ȱ ȱ LED[;( ,+( *9&1"$","4%-( V[soD(
ȱ Ȃ·<-#&0-,'( 9!+3&'( -#&3-( 0#( 9&+&( $9'%39( $0( '7'&Q*-( -&( 0#( 9&+&( 39-,.(
Ȃ
ȱȱȱȱȱ¸ȱȱȱȱ¢¸ȱȱȱ
A0-( LED[( &3+%&-( $-( )3"5,Q*-'( $-( !"#&3Z,-( $+#'( 0#( '7'&Q*-( '"!%"R&-!1#%A0-( -#(
!"#'%$93+#&(,-'(I+!&-03'(10*+%#(-&("34+#%'+&%"##-,.(
>-( ),0';( !-&&-( $9*+3!1-( !-#&39-( '03( 0#-( V[soD( )-3*-&( $-( !+3+!&93%'-3( ,-'(
)3-*%Q3-'( !"#&3+%#&-'( $-( '9!03%&9( )"03( ,+( )1+'-( $-( )1"')1+&+&%"#( $0( )3"!9$9(
J"<"'",g(·ȱ ȱ Ȃ·ȱȱ··ǯȱȱ ȱȱ ȱêǰȱ Ȃ
( +(
9&9($%<%'9-(-#(!%#A(9&+)-'(BI%403-(]dC(f(
Ŷ 0#-( $%<%'%"#( $0( )3"!9$9( )+3( 0#%&9( ")93+&%"##-,,-( Bx"#-'( $-( 3-')"#'+5%,%&9( $-(
!1+A0-(")93+&-03C(BC8(I%403-'(]\(-&(]^C.(D"03(*9*"%3-;(,Ȃ·ȱȱȱȱȱ
$0($943%,,+4-;($0('&"!p+4-;($0()"*)+4-(-&($-(,+()1"')1+&+&%"#($-'('9$%*-#&';($-(
,+( *-'03-( $-( ,+( *+''-( <",0*%A0-( $-'( '9$%*-#&'( -&( $0( &3+%&-*-#&( $-'( 4+x(j(
Ȃ·ȱȱȱȱȱ$-(,+(4-'&%"#($-'('9$%*-#&'()1"')1+&9'(-&($-'(5+''%#'(
$-('&"!p+4-($-'(,%A0%$-'.(Ȃ·ȱȱȱA0+#&(:(,0%(-#(!1+34-($-'(0&%,%&9';($0(
!1+34-*-#&($-'(!+*%"#'(-&(ȱȱȱȂȱȱȂ¡·(j(
Ŷ 0#-($%<%'%"#($-(!1+A0-(0#%&9(")93+&%"##-,,-(-#(G(*"*-#&'(H(")93+&%"##-,'(B+<+#&(
ȱȱȱǰȱȱ·ǰȱȱǰȱȱ¥ȱȂ¹Ǽ(j(
Ŷ 0#-($%<%'%"#($-(!1+A0-(G(*"*-#&(H(")93+&%"##-,(-#(&U!1-'(")93+&%"##-,,-'(j(
(((((((((((((((((((((((((((((((((((((((((((((((((
]`(V[soD(BT+G+)1!+'1!U7$)+3,2,(:!>'+2:-,-C(hS3%!'"#;(]``ci(-'&(0#-(ȱȂ¢ȱ$-'($+#4-3'(!1-3!1+#&(:(
%$-#&%I%-3(,-'($9<%ȱȱȱȂȱ¢¸ȱȱȂȱ;(&3Q'('"0<-#&()17'%A0-(-&u"0(!1%*%A0-.(
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Ŷ 0#-(+#+,7'-($-(!1+A0-(&U!1-(")93+&%"##-,,-(-&(0#-(%$-#&%I%!+&%"#($-'(9!+3&'(43U!-(:(
0#-(43%,,-(V[soD(BI%403-(^`C(j(
Ŷ ,+( $9I%#%&%"#( $-( 3-!"**+#$+&%"#'( -&( $-( !"#&3+%#&-'( )"03( ,-( )3"!9$9( &-!1#%A0-(
J"<"'",g.(
K+(I%403-(^`(3-)3"$0%&(0#(-2&3+%&($-(ȱȂ¢ȱ
ǯ(
Ȃȱ ȱ ȱ ¢]\( +( )-3*%'( $-( I"3*0,-3( $-'( 3-!"**+#$+&%"#'( $-(
··ȱȱȱȂ·ȱȱȱȱȱȂȱȱ ȱ
J"<"'",g(A0-(,-(#%<-+0($-('9!03%&9(+<+#&(,+(*%'-(-#(),-%#-(-2),"%&+&%"#.(
(
(((((((((((((((((((((((((((((((((((((((((((((((((
]\(ȱȂ¢ȱ·ȱ¥ȱ¢ȱȱŘŖŖşǯ(
Figure 29 Ŷ Démarche HAZOP pour le procédé technique Novosol® 
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
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Figure 30 Ŷ ([WUDLWG¶DQDO\VH+$=23GXV\VWqPHWHFKQLTXH1RYRVRO® et définition de recommandations et des contraintes de sécurité 
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
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?-'(+#+,7'-'("#&()-3*%'($-(39)"#$3-(+02(-2%4-#!-'( %#$0'&3%-,,-'($-(L",<+7(*+%'(
#-( !"33-')"#$-#&( )+'( :( 0#-( $9*+3!1-( LED[;( A0%( 3-'&-( 0#-( &-!1#%A0-( #"0<-,,-(
Ȃ¢ȱȱ··ȱ·ȱȱȱȱȂȱ¢¸ȱȱȱg.(S,,-'('"#&(
)+3( !"#'9A0-#&( !"*),9&9-'()+3(0#-('-!"#$-($9*+3!1-(-&( I"#&( ȂȱȂȱ¢ȱ
),0'( 4,"5+,-.( K-( &3+<+%ȱ ·ȱ ȱ ȱ ȱ ȱ Ȃ·ȱ ȱ ¡ȱ ȱ
'7'&Q*-( &-!1#%A0-( J"<"'",g( *+%'( +0( '7'&Q*-( '"!%"R&-!1#%A0-( J"<"'",g;( %#!,0+#&(
ȱ ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱȱ·ȱȱȂ¡%"#(J"<"'",g.(
D"03( !1+A0-( #%<-+0( 1%93+3!1%A0-( $0( '7'&Q*-( 9&0$%9;( ,-'( -2%4-#!-'( -&( ,-'(
!"#&3+%#&-'(G('7'&Q*-(H('"#&($9I%#%-ǯȱǰȱȱȂȱ¡ȱȱ··ȱ
J"<"'",g( BL",<+7( ,"3'($-'()1+'-'($-($9<-,"))-*-#&($-( ,+( &-!1#","4%-(J"<"'",g(-&(
+!&0-,,-*-#&( LS>MLoK( -&( LMr[C( -&( $+#'( ,-( !"#&-2&-( +!&0-,;( ,-'( -2%4-#!-'( -&( ,-'(
!"#&3+%#&-'( '-,"#( ,+( *9&1"$-( LED[( )-0<-#&( P&3-( 9&+5,%-'( !"**-( %#$%A09( $+#'( ,-(
&+5,-+0(\`.(
(
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Entreprise exploitante Novosol® (SEDISOL ou SIFA) 
 
Contraintes et exigences de sécurité 
Ŷ Traiter des sédiments contaminés par des composés organiques et des métaux lourds. 
Ŷ Responsable du bon déroulement des inspections et de la constitution des rapports 
FRQFHUQDQWO¶H[SORLWDWLRQHWOHGpYHORSSHPHQW1RYRVRO® en liaison avec les entités nationales 
et internationales. 
Ŷ 5HVSRQVDEOHGHODGpILQLWLRQGHVH[LJHQFHVHWGHVSHUIRUPDQFHVG¶H[SORLWDWLRQGXSURFpGp
Novosol® au regard des réglementations nationales et internationales. 
Ŷ 6¶DVVXUH TXH OHV H[LJHQFHV G¶H[SORLWDWLRQV VRient bien intégrées et transmet tout 
évènement au niveau supérieur au regard des rapports reçus (exploitation et accidents). 
 
Contexte dans lequel les décisions sont prises 
Ŷ /¶pFRORJLHHVWXQSUREOqPHGHVRFLpWp. 
Ŷ La pollution sédimentaire est un nouveau marché au regard de la demande des 
collectivités et des populations. 
Ŷ Procédé en cours de développement et en phase de prototypage. Nécessite donc une 
adaptation continue pour atteindre les performances exigées. 
Ŷ /¶HQWUHSULVHHVWHQUHFKHUFKHRXHQSDUWHQDULDWDYHFGHVIXWXrs industriels potentiellement 
intéressés par la technologie Novosol®. 
 
Actions de contrôle inadéquates (potentielles) 
Ŷ Dangers non identifiés. 
Ŷ &RRUGLQDWLRQLQDGpTXDWHDYHFO¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO®. 
Ŷ Prise en compte inadéquate deVUDSSRUWVG¶DFFLGHQWLQFLGHQW 
Ŷ PULVHHQFRPSWHLQDGpTXDWHGHVUDSSRUWVG¶H[SORLWDWLRQ. 
Ŷ Intégration incomplète ou inadaptée des réglementations nationales et internationales. 
Ŷ Exigences de développement incorrectement définies au regard de la stratégie de 
O¶HQWUHSULVHH[SORLWDQWH. 
 
Défauts du modèle cognitif 
Ŷ Penser que le procédé Novosol® développé est totalement sûr. 
Ŷ 1HSDVDYRLUFRQVFLHQFHGHO¶HQVHPEOHGHVULVTXHVORUVGHO¶H[SORLWDWLRQGXSrocédé. 
Tableau 10 Ŷ Exemple de définitions des exigences et contraintes pour le contrôleur : 
Entreprise exploitante 
ȱ ·ȱ ȱ Ȃȱ ȱ ¡ȱ ȱ ȱ ȱ ȱ ¡ȱ
·ȱ ȱ ·ȱ ȱ Ȃ·ȱ ȱ ȱ ȱ ȱ âȱ
1%93+3!1%A0-.(
Ź ÉTAPE 2 Ȱ ÉTABLISSEMENT DE LA STRUCTURE DE CONTRÔLE DE LA SÉCURITÉ (RÔLES 
ET RESPONSABILITÉS DES ÉLÉMENTS ET MÉCANISMES DE RÉTROACTION) 
?-&&-( $-02%Q*-( 9&+)-( )-3*-&( ,+( !"#'&30!&%"#( $-( ,+( '&30!&03-( $-( !"#&3Z,-( $-( ,+(
'9!03%&9( $0( '7'&Q*-( :( 9<+,0-3;( %#!,0+#&( ,-'( 3Z,-'( -&( ,-'( 3-')"#'+5%,%&9'( $-( !1+A0-(
9,9*-#&(B9,9*-#&'($-(!"#&3Z,-(-&(39&3"+!&%"#'()"03(!1+!0#($-(!-'(9,9*-#&'C.((
K+( ·ȱ ȱ Ȃ·ȱ ȱ ,+( '&30!&03-( $-( !"#&3Z,-( $-( ,+( '9!03%&9( $-'(
'7'&Q*-'(&-,,-(A0-($9<-,"))9-()+3(J+#!7(K-<-'"#(!"#'&%&0-#&(,+()%-33-(+#40,+%3-($-(
!-&&-(9&+)-(LED[(hK-<-'"#;(]``ai.(
?1+A0-( #%<-+0( "0( 9,9*-#&( $-( ,+( '&30!&03-( $-( !"#&3Z,-( )"''Q$-( $-'( 3Z,-'( -&( $-'(
3-')"#'+5%,%&9'( <%'+#&( :( 4+3+#&%3( A0-( ,-'( !"#&3+%#&-'( -#( '9!03%&9( $-'( '7'&Q*-'( '"#&(
+)),%A09-'(+0('-%#($0('7'&Q*-.(K+('&30!&03-($-(!"#&3Z,-($-(,+('9!03%&9(+%#'%($9I%#%-;(%,(
-'&(#9!-''+%3-($-(,+(*"$9,%'-3.(
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K+( !"#'&30!&%"#( $-( !-&&-( '&30!&03-( )+''-( )+3( ,+( *%'-( -#( 3-,+&%"#( $-'( $%II93-#&'(
#%<-+02( 1%93+3!1%A0-'( )+3( ,-( 6-0( $-'( %#&-3+!&%"#'( -#&3-( ,-'( 9,9*-#&'.( ?-&&-( 9&+)-(
Ȃȱ ȱ Ȃ·ȱ ŗȱ ȱ ȱ Ȃȱ ȱ ȱ ·ȱ ȱ ȱ
Ȃ·ȱȱ¡ȱȱȱȱȱȱȱ¢¸ȱg.(
ȱ·ȱȱȂȱȱ%'%"#(4,"5+,-($0('7'&Q*-(9&0$%9;(*+%'(+0''%($-(
ȱ ȱ ·ȱ Ȃȱ ȱ ȱ ȱ ȱ ¡ȱ ·ȱ ȱ
'7'&Q*-.(D+3(!-&&-('&30!&03-($-(!"#&3Z,-;(,-'(3Z,-'(-&(,-'(3-')"#'+5%,%&9'('"#&(%#&9439'(-&(
%,( -'&( +%#'%( ),0'( +%'9( $-( $9&-3*%#-3( ,-'( %#I,0-#!-'( -#&3-( 9,9*-#&'( BI%403-( ^\C.( ?-&&-(
ȱ ·ȱ Ȃȱ ȱ ¢¸ȱ g( Ȃȱ ȱ ȱ ȱ ȱ ȱ
*"#&3+#&(,-'(3Z,-'(-&(,-'(3-')"#'+5%,%&9'($-(!1+A0-(#%<-+0(1%93+3!1%A0-.(?-'(3Z,-'(-&(
3-')"#'+5%,%&9'('-3<-#ȱȱȱ¥ȱȱ·ȱȱ¥ȱȂ·ȱȱ(+0(
ȱ ȱ ȱ ȱ ȱ ȱ ȱ Ȃȱ ȱ ȱ ȱ Ȃ·ȱ řȱ ȱ ȱ
*9&1"$","4%-(LED[.(
K+( '&30!&03-( +%#'%($9I%#%-( +()"03("56-!&%I($-( 3-)39'-#&-3( ,-'( %#&-3+!&%"#'( -#&3-( ,-'(
$%II93-#&'( #%<-+02( 1%93+3!1%A0-';( )-3*-&&+#&( $-( !+3+!&93%'-3( ,-'( !"#&3Z,-'( -#&3-(
··ǯȱȱȱȱ·ȱȱȱȱȱȂ¢ȱȱȱ·ȱ
)+3(,+('0%&-(,-'(!"#&3Z,-'()"&-#&%-,,-*-#&(%#+$9A0+&'(-#&3-(#%<-+02.(
(
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Figure 31 Ŷ Structure du système Novosol® lors de O¶DSSOLFDWLRQ
GHODWHFKQLTXHG¶DQDO\VH673$ 
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
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Ź ÉTAPE 3 Ȱ INTÉGRATION DES EXIGENCES « SYSTÈME » ET DES CONTRAINTES 
« SYSTÈME » AU NIVEAU DES ÉLÉMENTS 
Ȃ·ȱ ȱ ¡ȱ ȱ ȱ ȱ ¢¸ȱ ·ȱ ȱ ȱ Ȃ·(\(
ȱȂȱȱȱȱȱȱ·ȱȱȱȱȱ3Z,-(
ȱȱ··ȱ·ȱȱȱȂ·ȱŘǯ(
?-&&-( &3"%'%Q*-( 9&+)-( 3-)"'-( '03( ,-'( $-02( )39!9$-#&-';( -&( <%'-( :( %#&943-3( ,-'(
-2%4-#!-'( -&( ,-'( !"#&3+%#&-'( $-( '9!03%&9( +0( '-%#( $-( !1+A0-( #%<-+0( 1%93+3!1%A0-.( ?-(
&3+<+%,( Ȃ-( +0( 3-4+3$( $-'( $%II93-#&-'( %#&-3+!&%"#'( -#&3-( 9,9*-#&'.( ?-&&-( 9&+)-(
)-3*-&( ,+( $9I%#%&%"#( $-'( -2%4-#!-'( A0%( '"#&( -#'0%&-( &3+$0%&-'( '"0'( I"3*-( $-(
!"#&3+%#&-'($-('9!03%&9(+0(3-4+3$($-'($%II93-#&-'(%#&-3+!&%"#'(-#&3-(,-'(9,9*-#&'($-(,+(
'&30!&03-($-(!"#&3Z,-($-(,+('9!03%&9.(
W#( ȱ ·ȱ ·ȱ Ȱȱ ȱ ¡ȱ Ȃȱ ȱ ȱ ȱ
$9<-,"))-*-#&( J"<"'",g( BLS@MD( ȱ ȱ Ǽȱ Ȱ( $9I%#%&( $-'( -2%4-#!-'( $-(
$9<-,"))-*-#&( )"03( ,-( #%<-+0( 1%93+3!1%A0-( %#I93%-03( B$9<-,"))-*-#&( %#$0'&3%-,(
J"<"'",gC.( ?-( #%<-+0( $"%&( I"03#%3( 0#-( 39&3"+!&%"#( B!"#I%3*+&%"#( $-( !"#&3Z,-C( -#(
I+%'+#&( 3-*"#&-3( ,-'( 3+))"3&'( $-( $9<-,"))-*-#&( +0)3Q'( $0( #%<-+0( '0)93%-03(
B-#&3-)3%'-(-#(!1+34-($0($9<-,"))-*-#&(J"<"'",g(f(LS@MD("0(L&0$%"([,&%-3%C.(M,(-#(-'&(
+%#'%()"03(!1+A0-(%#&-3+!&%"#(-&(!1+A0-(<+3%+5,-.(
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Ź ÉTAPE 4 ʊ EXAMEN DE LA STRUCTURE DE CONTRÔLE ET DES MODÈLES DE PROCESSUS 
POUR L¶ANALYSE DÉTAILLÉE DES CONTRÔLES INADÉQUATS 
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Ŷ 0#-( +!&%"#( $-( !"#&3Z,-( )"&-#&%-,,-*-#&( %#!"33-!&-( "0( #"#( 't3-( -'&( -II-!&09-;(
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Entreprise exploitante Novosol® (SEDISOL ou SIFA) 
 
Les actions de contrôle inadéquates (potentielles) 
± /¶HQWUHSULVHH[SORLWDQWHQHIRXUQLWSDVG¶H[LJHQFHVG¶H[SORLWDWLRQDXQLYHDX
GHO¶H[SORLWDtion Novosol pour une exploitation sûre 
± /¶HQWUHSULVH H[SORLWDQWH QH IRXUQLW SDV G¶H[LJHQFHV GH GpYHORSSHPHQW j
O¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO 
± /¶HQWUHSULVHH[SORLWDQWHQHIRXUQLWSDVGHUDSSRUWVG¶LQVSHFWLRQ aux entités 
de contrôle 
± /¶HQWUHSULVH H[SORLWDQWH IRXUQLW GHVPDXYDLVHV H[LJHQFHV G¶H[SORLWDWLRQ j
O¶H[SORLWDWLRQ1RYRVRO 
± /¶HQWUHSULVH H[SORLWDQWH IRXUQLW GHV PDXYDLVHV H[LJHQFHV GH
GpYHORSSHPHQWjO¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO 
± /¶HQWUHSULVH H[SORLWDQWH IRXUQLW deV PDXYDLV UDSSRUWV G¶LQVSHFWLRQ aux 
entités de contrôle 
± /¶HQWUHSULVH H[SORLWDQWH IRXUQLW GHV H[LJHQFHV G¶H[SORLWDWLRQ HVVHQWLHOOHV
WDUGLYHPHQWjO¶H[SORLWDWLRQ1RYRVRO 
± /¶HQWUHSULVH H[SORLWDQWH IRXUQLW GHV H[LJHQFHV GH GpYHORSSHPHQW
essentielles tardiYHPHQWjO¶HQWUHSULVHHQFKDUJHGHGpYHORSSHPHQW1RYRVRO 
± /¶HQWUHSULVHH[SORLWDQWH foXUQLW GHV UDSSRUWVG¶LQVSHFWLRQ trop tardivement 
aux entités de contrôle  
± /¶HQWUHSULVH H[SORLWDQWH QH IRXUQLW SDV la totalité des exigences 
G¶H[SORLWDWLRQjO¶H[SORLWDWion Novosol 
± /¶HQWUHSULVH H[SORLWDQWH QH IRXUQLW SDV la totalité des exigences de 
GpYHORSSHPHQWjO¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO 
± /¶HQWUHSULVHH[SORLWDQWHQHIRXUQLWSDV la WRWDOLWpGHVUDSSRUWVG¶LQVSHFWLRQ
aux entités de contrôle  
Tableau 11 Ŷ Actions de contrôles inadéquates pour le contrôleur : Entreprise exploitante 
Novosol® 
Ȃȱ ( !-'( !"#&3Z,-'( %#+$9A0+&'( -'&( G(&3+$0%&(H( -#( !"#&3+%#&-'( -&( -#(
-2%4-#!-'($-('9!03%&9($-<+#&(P&3-(%#&9439-'(+0(#%<-+0($-(!1+A0-(9,9*-#&($0('7'&Q*-.(
?-&&-( G(&3+$0!&%"#(Ȏȱ Ȃȱ ¥ȱ ȱ ȱ !&%"#'( $-( !"#&3Z,-( %#+$9A0+&-'(
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Entreprise exploitante Novosol® (SEDISOL ou SIFA) 
 
Les contraintes (potentielles) 
± /¶HQWUHSULVH H[SORLWDQWH GRLW IRXUQLU GHV H[LJHQFHV G¶H[SORLWDWLRQ j
l¶Hxploitation Novosol pour une exploitation sûre 
± /¶HQWUHSULVH H[SORLWDQWH GRLW IRXUQLU GHV H[LJHQFHV GH GpYHORSSHPHQW j
O¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO 
± /¶HQWUHSULVHH[SORLWDQWHGRLWIRXUQLUGHVUDSSRUWVG¶LQspection aux entités de 
contrôle 
± /¶HQWUHSULVH H[SORLWDQWH QH GRLW SDV IRXUQLU GH PDXYDLVHV H[LJHQFHV
G¶H[SORLWDWLRQjO¶HQWUHSULVH1RYRVRO 
± /¶HQWUHSULVH H[SORLWDQWH QH GRLW SDV IRXUQLU GH PDXYDLVHV H[LJHQFHV GH
GpYHORSSHPHQWjO¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO 
± /¶HQWreprise exploitante ne doit pas fournir de mauvais rapports 
G¶LQVSHFWLRQDX[HQWLWpVGHFRQWU{OH 
± /¶HQWUHSULVH H[SORLWDQWH QH GRLW SDV IRXUQLU GHV H[LJHQFHV G¶H[SORLWDWLRQ
WDUGLYHVjO¶H[SORLWDWLRQ1RYRVRO 
± /¶HQWUHSULVH H[SORLWDQWH QH GRLW SDV IRXUQLU GHs exigences de 
GpYHORSSHPHQWWDUGLYHVjO¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO 
± /¶HQWUHSULVH H[SORLWDQWH QH GRLW SDV IRXUQLU GHV UDSSRUWV G¶LQVSHFWLRQ
tardivement aux entités de contrôle 
± /¶HQWUHSULVHH[SORLWDQWHGRLW IRXUQLU la totalité des exiJHQFHVG¶H[SORLWDWLRQ
jO¶H[SORLWDWLRQ1RYRVRO 
± /¶HQWUHSULVH H[SORLWDQWH GRLW IRXUQLU la totalité des exigences de 
GpYHORSSHPHQWjO¶HQWUHSULVHHQFKDUJHGXGpYHORSSHPHQW1RYRVRO 
± /¶HQWUHSULVHH[SORLWDQWHGRLWIRXUQLUla totalité des UDSSRUWVG¶LQVSHFWLRn aux 
entités de contrôle 
Tableau 12 Ŷ Contraintes (potentielles) pour le contrôleur : Entreprise exploitante Novosol® 
Ź ÉTAPE 5 Ȱ CATÉGORISATION (IMMÉDIAT, LONG TERME, STANDARD) ET « GESTION DES 
RISQUES » (DÉFAUTS DE BOUCLES DE CONTRÔLE) 
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Figure 32 Ŷ Boucle de contrôle inadéquat 
adapté de Leveson, 2010 
7\SHV G¶DFWLRQV DX VHLQ GH OD ERXFOH GH FRQWU{OH SRXYDQW PHQDQW j XQ FRQWU{OH
LQDGpTXDW &HV DFWLRQV SRWHQWLHOOHV GRLYHQW rWUH LGHQWLILpHV DILQ G¶pYLWHU TXH OH QLveau 
hiérarchique ne fournisse un contrôle inadéquat. 
w( ȱ Ȃǰȱ ȱ ȱ ȱ ȍ(8+%#&-#+#!-( q<",0&%"#(H;( ,+( 5"0!,-( $-(
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(
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
 
147 
(
(
Figure 33 Ŷ Boucle de contrôle « Maintenance et Évolution » 
Boucle de contrôle du niveau Maintenance et ÉYROXWLRQPHWWDQWHQpYLGHQFHO¶HQVHPEOH
des éléments impliqués dans le processus de contrôle de ce niveau en interaction avec 
les niveaux Développement industriel » et Conception Acquisition. 
En se fondant sur la figure 32, cette boucle de contrôle pourrait contenir une information 
incorrecte en son sein qui provoquerait un contrôle inadéquat en sortie vers les niveaux 
Conception Acquisition et Développement industriel. 
(
(
Figure 34 Ŷ 'HVFULSWLRQG¶XQHERXFOHGHFRQWU{OHDXVHLQGHODVWUXFWXUHGHFRQWU{OHGX
système Novosol® 
Intégration de cette boucle de contrôle au sein de la structure de contrôle permettant 
G¶LOOXVWUHUFHWWHERXFOHGHFRQWU{OHSRXUXQQLYHDXKLpUDUFKLTXHGRQQp en interaction avec 
le reste de la structure de contrôle. 
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Conclusion 
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!+,!%#+&%"#.( W#-( '-!"#$-( '"0'R'-!&%"#( +( 9&9( !"#'+!39-( +0( '7'&Q*-( '"!%"R&-!1#%A0-(
J"<"'",g(·ȱȂȱȱȱȱȱȱȱȂȱ·ȱ
$-(&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'.(
ǰȱȱ¸ȱȱȱȱȱ·ȱȱȂȱȱȱȱ
Ȃ¢ȱȱȱȱȱȱȱ¢¸ȱg.(K-'(-2%4-#!-'(I"3*0,9-'(
ȱȂȱȱ($0('7'&Q*-(J"<"'",g(ȱ··ȱȱȱȂȱȱ
&-!1#%A0-'( G(&3+$%&%"##-,,-'(Ȏǯȱ ȱ ·ȱ ȱ ȱ ¥ȱ Ȃȱ ȱ ȱ
&-!1#%A0-( LED[( <%'-( ,-( '7'&Q*-(J"<"'",g( $+#'( '+( 4,"5+,%&9( -#( )3-#+#&( -#( !"*)&-(
Ȃȱȱȱ·ȱȱȱȂȱȱ·ȱȱȱȱ ȱ
)+'(0#%A0-*-#&('03(0#('7'&Q*-(G(&-!1#%A0-(H(!"**-(!-,+()-0&(P&3-(,-(!+'()"03($-'(
ȱȂ¢ȱȱȱ·ȱȱȱ¸ȱȂȱǯ(
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65,7&($"*A*
ȱȂ·ȱȱ#2/0.")*
Ȃ,%%&/"'(*
?-($-3#%-3(!1+)%&3-(+()"03(+*5%&%"#($-()3-#$3-($0(3-!0,()+3(3+))"3&(+02(&3+<+02(
)39!9$-**-#&(!"#$0%&'.(
M,(-'&(!"#'&30%&(+0&"03($-(&3"%'('-!&%"#'.((
ȱ¸ȱȱȱ·ȱ¥ȱȂ·ȱȱȱȱȂ¢ȱȱȱ
LED[;( I·ȱ ȱ ȱ ¸ȱ ǰȱ Ȃȱ ȱ ȱ ȱ ·ǯȱ ȱ
ȱ ȱ ȱ ȱ ȱ ȱ Ȃ¢ȱ ȱ ȱ ȱ ȱ ȱ
··ȱȱ¢¸ȱȱȂȱ·ȱȱȱȱȱǯ(
W#-( $-02%Q*-( '-!&%"#( &3+%&-( $-'( I"#$-*-#&'( &·ȱ ȱ ¸ȱ Ȃȱ
'7'&9*%A0-(LE[8D.(?-&&-(+#+,7'-(+()"03(50&($-($9&-3*%#-3(,-'()3%#!%)+02(+))"3&'(-&(
ȱ Ȃȱ ¸ȱ Ȃȱ ¢·ȱ ȱ ȱ ȱ Ȃȱ '7'&Q*-( '"!%"R
&-!1#%A0-.(
S#I%#;(+0(3-4+3$($-'(,%*%&-'(%$-#&%I%9-'(-&($0(!+$3-('!%-#&%I%A0-(+!&0-,($-'(*"$Q,-'(
Ȃȱ¢·ǰȱȱ¸ȱȱȱȱȱȱȱ
$+#'( ,+( !"*)391-#'%"#( $-'( +!!%$-#&'( +0( '-%#( $-'( '7'&Q*-'( '"!%"R&-!1#%A0-'.( ?-(
ȱ ǰȱ ·ȱ ȱ ȱ ·ȱ ȱ ǰȱ ȱ ȱ ȱ Ȃ-#&( '"!%"R
&-!1#%A0-( !"**-( 0#( 9&+&( )3"<"A0+#&( '7'&9*+&%A0-*-#&( $-'( )-3&-'( 10*+%#-'( "0(
*+&93%-,,-';($t(:(0#(*+#A0-($-(!"#&3Z,-';(*+%'(!"**-(0#(9<Q#-*-#&(%339<-3'%5,-(-&(
%*)39$%!&%5,-($t(0#-(+5'-#!-($-(39)"#'-(+$+)&9-(I+%'+#&('0%&-(:(0#-(39"34+#%'+&%"#(
#"#( !"#&3Z,9-( $+#'( 0#( !"#&-2&-( $"##9( -&( )"0<+#&(*-#-3( :( $-'( $"**+4-'( -&( $-'(
)-3&-'.(
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1. Les apports et limites de la technique STPA 
?-&&-('-!&%"#(-'&("34+#%'9-(-#($-02('"0'R'-!&%"#'(f(,+()3-*%Q3-()-3*-&($-(!,+''-3(,+(
&-!1#%A0-(LED[(!"**-(0#-(#"0<-,,-(&-!1#%A0-(-#('9!03%&9($-'('7'&Q*-'(j(,+('-!"#$-(
)39'-#&-(,-'()3%#!%)+,-'(,%*%&-'($-'("0&%,'($-(3-)39'-#&+&%"#(-&($-(*"$9,%'+&%"#(,"3'($-(
Ȃȱȱȱȱǯ(
1.1. STPA : une technique en sécurité des systèmes 
?-&&-('-!&%"#()-3*-&($-()39!%'-3(,-'(+))"3&'(ȱȱȱȱȱȱȂ¢ȱ
$-'($+#4-3'(LED[.(
Ȃ¢ȱ ȱ ȱ ··ȱ ȱ ȱ ¢¸ȱ ¡ȱ ȱ ȱ ȱ ȱ
!"#!-)&'('03(,-'A0-,'('-(I"#$-#&(,-'(')9!%+,%'&-'(-#('9!03%&9($-'('7'&Q*-'(h>">;(]```i.(
?-'(!"#!-)&'()-0<-#&(P&3-(9#0*939'(hN-##-3;(\de\i(-&(3-''"3&%''-#&()3%#!%)+,-*-#&(%!%(
ȱ ȱ ǰȱ ȱ Ȃ( "#&( )0( '-( $9<-,"))-3( $+#'( ,-( $"*+%#-( $-( ,+(
'9!03%&9($-'('7'&Q*-'(+02(q&+&'RW#%'(:()+3&%3($-'(+##9-'(A0+3+#&-(f(
Ŷ Lt3($0()3-*%-3(!"0)(j(
Ŷ D"03( +&&-%#$3-( $-'( #%<-+02( $-( '9!03%&9( +$9A0+&';( %,( -'&( #9!-''+%3ȱ Ȃ·ȱ ȱ
$9*+3!1-('",%$-(j(
Ŷ D3-#$3-(-#(!"*)&-(,-(!7!,-($-(<%-($0('7'&Q*-(j(
Ŷ r-3*-3(,+(5"0!,-(-#&3-(,-'(+&&-#&-'(-#('9!03%&9(-&(,+()-3I"3*+#!-(j(
Ŷ L9,-!&%"##-3( ,-( #%<-+0( $-( '9!03%&9( ··ȱ ȱ ȱ ȱ Ȃ0#-( )3%'-( $-( $9!%'%"#(
39I,9!1%-(j(
Ŷ ȱȱȱȱ·ȱȂ%!+!%&9($-'(*-'03-'($-('9!03%&9(j(
Ŷ K-'(-#A0P&-'(+!!%$-#&($"%<-#&(I"03#%3($-'(+*9,%"3+&%"#'($03+5,-'('03(,-('7'&Q*-(j(
Ŷ K+('9!03%&9($-'('7'&Q*-'()3-#$(-#(!"*)&-( ,-'( %#&-3+!&%"#'(-#&3-( ,-'(1"**-';( ,-'(
ȱȱȂ(j(
Ŷ K-'(*-'03-'($-(!"#&3Z,-($-(,+('9!03%&9("#&(0#("3$3-($-()3%"3%&9(j(
Ŷ K-'($+#4-3'(,-'(*"%#'(!1-3'('-(&3"0<-#&($+#'(,-'()3-*%Q3-'()1+'-'($0(!7!,-($-(<%-(
$0('7'&Q*-(j(
Ŷ K+( '9!03%&9( $-'( '7'&Q*-'( +( 0#( 3Z,-( $-( I+!%,%&+&-03( ),0&Z&( A0-( Ȃȱ ȱ
Ȃ($-'("56-!&%I'("34+#%'+&%"##-,'(j(
Ŷ K+($"!0*-#&+&%"#($-'(+#+,7'-'($-('9!03%&9(-&($-'($9!%'%"#'(-'&(#9!-''+%3-($+#'(0#(
)3"43+**-($-('9!03%&9()"03(0#-($9*+3!1-(3%4"03-0'-(-&($%'!%),%#9-(j(
Ŷ K+('9!03%&9($-'('7'&Q*-'(-2%4-(ȱ·ȱȂ¢ȱȱ··ȱ·ȱȱ
$-'()3"I-''%"##-,'.(
?-'(!"#!-)&'(I"#$+*-#&+02(-#('9!03%&9($-'('7'&Q*-'()-3*-&&-#&($-($%'&%#40-3(,+(
'9!03%&9( $-'( '7'&Q*-'( $-'( +0&3-'( +))3"!1-'( +7+#&( )"03( <"!+&%"#( ,+( 4-'&%"#( $-'(
3%'A0-'(-&($-'($9I+%,,+#!-'(+0('-%#($-'('7'&Q*-'.(
D"03( %#&943-3(!-'(!"#!-)&';( ,+('9!03%&9($-'('7'&Q*-'(0&%,%'-($-'(&-!1#%A0-'(A0%( ,0%(
'"#&()3")3-'.(M,(-'&(+%#'%()"''%5,-($-('-($-*+#$-3(!-(A0%($%II93-#!%-(0#-(&-!1#%A0-($-(
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'9!03%&9($-'( '7¸ȱȂȱȱ ȱ;(),0'( '%*),-*-#&;( !-(A0%( I+%&($Ȃȱ
&-!1#%A0-(0#-(&-!1#%A0-($-('9!03%&9($-'('7'&Q*-'.(
K+(39)"#'-(:(!-&&-(A0-'&%"#()-3*-&($-($9&-3*%#-3('%(0#-(&-!1#%A0-($-('9!03%&9(-'&(
0#-( &-!1#%A0-( $-( ··ȱ ȱ ¢¸ȱ âȱ Ȃȱ ȱ Ȃ·ǯȱ ȱ
'-*5,-(ȱ ·ȱȱ ȱȱ ȱ ȱ ȱȂ¢ȱȱȱ ȱ
·ȱȱȱ¸ȱȂȱȱȱȱȱ$-('9!03%&9($-'('7'&Q*-'.(
ȱȂȱȱ·ȱȱȱ·ȱ¡ȱ¸ȱȱȱ··ȱR+)3Q'(+I%#($-(
!"#I%3*-3( A0-( LED[( -'&( 0#-( ȱ Ȃ,7'-( -#( '9!03%&9( $-'( '7'&Q*-'(
B&+5,-+0(\^C.(
>+#'( '+( $9*+3!1-( !"**-( $+#'( '-'( I"#$-*-#&';( LED[( )-0&( P&3-( !"#'%$939-(
!"**-( 0#-( &-!1#%A0-( $-( '9!03%&9( $-'( '7'&Q*-'.( L-'( I"#$-*-#&'( '7'&9*%A0-';( '+(
·ȱ·ȱȱ ȱ··ȱȂȱ¢¸ǰȱȱȱȂȱȱ
ȱ ȱȱȱ ȂȱȂȱ·ȱ$-( '9!03%&9( 39)"#$-#&(
+02(!3%&Q3-'($-(N-##-3(f(
Ŷ LED[(-'&R-,,-(I"#$9-('03(,+(&19"3%-($-'('7'&Q*-'(|(?-(!3%&Q3-(!1-3!1-(:($9&-3*%#-3(
'%(LED[('-(I"#$-('03(,-'()3%#!%)-'('7'&9*%A0-'(<%'+#&(:(+#+,7'-3(0#('7'&Q*-($+#'(
'+(4,"5+,%&9(-&(#"#(-#(+7+#&(3-!"03'(:(0#-(+))3"!1-(+#+,7&%A0-.(
Ŷ LED[( -'&R-,,-( !-#&39-( '03( ,+( '9!03%&9(|( ?-( !3%&Q3-( !1-3!1-( :( $9&-3*%#-3( '%( LED[(
ȱȱ¡ȱȱ¸ȱȂ¢ȱȱ·%&9.(
Ŷ LED[( -'&R-,,-( I"#$9-( '03( $-'( !"##+%''+#!-'( )3")3-'(|( ?-( !3%&Q3-( !1-3!1-( :(
$9&-3*%#-3( '%( -,,-( +( 9&9( $9<-,"))9-( :( )+3&%3( $-( !"##+%''+#!-'( 0#%A0-'( -&( #"#( :(
)+3&%3($-(*9&1"$-'("0(&-!1#%A0-'($96:(!"##0-'.(
Ŷ LED[('-3&R-,,-(:(),+#%I%-3(0#-($9*+3!1-('9!03%&9(|(?-(!3%&Q3-(!1-3!1-(:($9&-3*%#-3(
ȱ ȱ ȱ ȱ ·ȱ Ȃ¢ȱ ·ȱ ȱ ȱ ·ȱ
$9&-3*%#9-(-#('9!03%&9($-'('7'&Q*-'(&"0&(+0(,"#4($0(!7!,-($-(<%-.(
[0!0#-( ,%'&-( $-( !3%&Q3-'( "II%!%-,,-( Ȃȱ ··ȱ %9-( *+%'( !-3&+%#'( )-3*-&&-#&( $-(
3-!"##+T&3-( 0#-( +0&1-#&%A0-( &-!1#%A0-( $-( ··ȱ ȱ ¢¸ȱ Ȃȱ ȱ ȱ ȱ
·ȱȱȱȱȂ¢ȱȱȱȱȱȱȱ$-('9!03%&9(
$-'('7'&Q*-'.(
?-'( !3%&Q3-'( )-0<-#&( P&3-( $-( A0+&3-( "3$3-'( -&( '-( 3-&3"0<-#&( $+#'( &"0&-'( ,-'(
$9*+3!1-'(ȱ¢ȱȱ··ȱȱ ¢¸ǯȱȱȱ ȱȂ¢ȱȱ
$+#4-3'(-#('9!03%&9($-'('7'&Q*-'(hN-##-3;(\de\i(f(
Ŷ 3-I,Q&-(,-'(!"#!-)&'(49#93+02(-#(&19"3%-($-'('7'&Q*-'(f(
± -,,-( )3-#$( -#( !"#'%$93+&%"#( ,-'( 43+#$'( )3%#!%)-'( '7'&9*%A0-';( ,-'(
-#&39-'u'"3&ǰȱȱ·ǳ(
± -,,-( I-3*-( ,+( 5"0!,-( -#&3-( ,-'( )-3I"3*+#!-'( +&&-#$0-'( -#( '9!03%&9( -&( ,-'(
ȱȂ¡(j(
± ȱȱȱȱȱ·ǰȱȂǰȱȱȱȱȂ¢(j(
Ŷ $"%&(P&3-(!-#&39-('03(,+('9!03%&9(),0&Z&(A0-('03(0#-(+0&3-($%'!%),%#-(f(
± -,,-($"%&('+&%'I+%3-(,-'(+&&-#&-'(-#(*+&%Q3-($-('9!03%&9(j(
± -,,-($"%&(P&3-(+)),%!+5,-(&"0&(+0(,"#4($0(!7!,-($-(<%-($0('7'&Q*-(j(
&RQWULEXWLRQjO¶pWXGHG¶XQPRGqOHG¶DFFLGHQWV\VWpPLTXH : le modèle STAMP 
 
154 
(
Ŷ $ȱȱȂ·ȱȂȱȱȱǰȱȱȱȱȱȱ
$%'&%#!&'($-(!-02(3-#!"#&39'(-#('9!03%&9($-'('7'&Q*-'(f(
± -,,-( 0&%,%'-( 0#( -#'-*5,-( $-( !"#!-)&'( -&( $-( )3%#!%)-'( $+#'( ,-( $"*+%#-( $-( ,+(
'9!03%&9(j(
± ȱ ȱ ȱ ·ȱ ȱ ȱ ȱ ȱ ¹ȱ ȱ ȱ Ȃȱ
$%'!%),%#-'(j(
± -,,-( $-*+#$-( 0#( '0%<%( 3%4"03-02( $-'( )3+&%A0-'( )3"I-''%"##-,,-'( +I%#( $-(
ȱȱȱȂ·ȱȱȂȱ¥ȱ(j(
Ŷ $"%&(I"03#%3(0#-(5+'-()"03(9&+5,%3($-'()3"43+**-'(-&($-'(),+#'($-('9!03%&9(f(
± ȱȱȱȱȱȂȱȱȱ··ȱȱ¢¸(j(
± ,-'( &-!1#%A0-'( )3"$0%'-#&( 0#-( $"!0*-#&+&%"#( -#( +#+,7'-( $-( '9!03%&9( A0%(
+''03-($-(,-03(-II%!+!%&9(j(
± ȱ ȱ ȱȱ¢ȱȱ ȱȂ¡ȱȱȱ ȱ
)"03(9<+,0-3(,-'(#%<-+02($-()-3I"3*+#!-($-<+#&(P&3-(+&&-%#&'.(
(
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S10'=%&(2-&$"&*6=1-+%&'%(&(I(*,)%(&d& 5%0*-=%&(2-&$"&
(=32-+*=&d&
S10'=%&(2-&'%(&3100"+(("03%(&7-17-%(&d& [%-*&]&7$"0+K+%-&20%&'=)"-36%&%0&(=32-+*=&d&
D3-#$(-#(
!"#'%$93+&%"#(
,-'()3%#!%)-'(
'7'&9*%A0-'(
r+%&(,-(,%-#(
-#&3-(,-'(
)-3I"3*+#!-'(
+&&-#$0-'(-&(
Ȃ¡(
L&30!&03-(
,+(
3-!1-3!1-(
$-'(
$"##9-'(
Ȃ¢(
L+&%'I+%&(
+02(
+&&-#&-'(
-#(
*+&%Q3-(
$-(
'9!03%&9(
S'&(
+)),%!+5,-(
&"0&(+0(
,"#4($0(
!7!,-($-(
<%-($0(
'7'&Q*-(
W&%,%'-(0#(
-#'-*5,-($-(
!"##+%''+#!-'(
$+#'(,-(
$"*+%#-($-(,+(
'9!03%&9(
Ȃȱ
$-(I+m"#(
0#%A0-(
>-*+#$-(0#(
'0%<%($-'(
)3+&%A0-'(
)3"I-''%"##-,,-'(
S'&(
%#&9439-(
$+#'(0#-(
$9*+3!1-(
'9!03%&9(
r"03#%&(0#-(
$"!0*-#&+&%"#(
)-3*-&&+#&(0#(
ȱȂ¢(
D-3*-&(0#-(
+#+,7'-($-'(
+!!%$-#&'(
$+#'(0#(
'"0!%($-(
)-3I"3*+#!-(
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Tableau 13 Ŷ Critères de Benner pour la technique STPA 
adapté de Benner, 1981 
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K+(*%'-(-#(ê<3-($-(,+(&-!1#%A0-(LED[($-*+#$-(Ȃȱ(,-'(!"#!-)&'(-&(
Ȃȍ(-')3%&(H(j( -#( )3+&%A0-;( !-3&+%#-'( 9&+)-'( '-( 39<Q,-#&( $9,%!+&-'( !+3( -,,-'( $9)-#$-#&(
ȱȱȂ¢ǯȱ>%<-3'-'(+*9,%"3+&%"#'($"%<-#&(-#!"3-(<-#%3(9!,+%3!%3(!-3&+%#'(
$-'( !"#!-)&'( $-( ,+( *9&1"$-;( -&( #"&+**-#&( '+( &+2"#"*%-( '03( ,+( !,+''%I%!+&%"#( $-'(
$9I+0&'($-(!"#&3Z,-.(K+(&-!1#%A0-(LED[(-'&(I"#$9-('03(,-(*"$Q,-(LE[8D;(,0%R*P*-(
!"#m0( '03( ,-( *"$Q,-( $-( @+'*0''-#( $+#'( ,-A0-,( $-'( !"#&3Z,-'( ")Q3-#&( -#&3-( ,-'(
$%II93-#&'( #%<-+02( 1%93+3!1%A0-'( $-( '+( '&30!&03-( h@+'*0''-#;( \dd_i.( [%#'%;(
!"*)3-#$3-( 0#-( &-,,-( "34+#%'+&%"#( I+!%,%&-( Ȃ+)),%!+&%"#( $-( ,+( &-!1#%A0-( LED[( +02(
·ȱ··ȱȂȱ¢¸ȱ·ǯ(
K+(&-!1#%A0-(LED[(3-A0%-3&(0#-()1+'-(Ȃǯȱȱǰȱȱȱȱ
'9!03%&9($-'('7'&Q*-'('-( I"!+,%'-(49#93+,-*-#&(ȱ Ȃǰȱ Ȃ·ȱȱ ȱ
*+T&3%'-( $-'( $+#4-3'( -&( $-'( 3%'A0-'( +''"!%9'.( ȱ Ȃȱ ȱ ȱ $9*+3!1-( $-(
3-!1-3!1-($-'($+#4-3'(*+%'($-( 3-!1-3!1-($-( !"#&3+%#&-'()"0<+#&(*-#-3( ,-( '7'&Q*-(
<-3'( 0#( 9&+&( +!!%$-#&-,.( D+3( !"#'9A0-#&;( 0#( %#49#%-03( -#( '9!03%&9( '"01+%&+#&(
Ȃȱȱȱȱȱ$"%&()+'('-()",+3%'-3('03(,-'($+#4-3'(-&(,-'(3%'A0-'(
*+%'( !1-3!1-3;( -#&3-( ,-'( #%<-+02( 1%93+3!1%A0-';( ,-'( !"#&3Z,-'( )"0<+#&( Ȃ·(
%#+$9A0+&'.(
ȱ ·ȱ Ȃȱ ¢'-( LED[( 3-'&-#&( !-#&39'( '03( $-'( I+!&-03'( 10*+%#( -&(
"34+#%'+&%"##-,.( LED[( )-3*-&( $-( I"3*0,-3( $-'( 3-!"**+#$+&%"#'( <%'+#&( :(
Ȃ·ȱ ȱ âȱ ȱ ¡ȱ ·ȱ ȱ ȱ ȱ ȱ Ȃ·ȱ ȱ
*%43+&%"#($0( '7'&Q*-(<-3'(0#(9&+&(+!!%$-#&-,.(S,,-(ȱȂȱ ȱȱȱ
'9!03%&9()+3(0#-(+*9,%"3+&%"#($+#'(,+($9I%#%&%"#($-'(!"#&3+%#&-';($-(,+('&30!&03-(-&($-'(
5"0!,-'($-(!"#&3Z,-($0('7'&Q*-(9&0$%9.(
K-'(+<+#&+4-'(ȱȂȱȱȱȱȱȱ·ȱ)+3(3+))"3&(
:(0#-(&-!1#%A0ȱ·ȱȱȱ¸ȱȂȱȱǽǰȱŘŖŖŚǾǯȱLED[(
!"#$0%&( )+3( -2-*),-( :( 0#-( +*9,%"3+&%"#( $-'( !"#&3Z,-'( +0( #%<-+0( $-'( %#&-3+!&%"#'(
-#&3-(9,9*-#&'(-&()+3(!"#'9A0-#&;(:(0#-(+*9,%"3+&%"#($-( ,+()-3I"3*+#!-(4,"5+,-($0(
'7'&Q*-(9&0$%9.(LED[()-3*-&(94+,-*-#&(,+()3%'-(-#(!"*)&-($-'(!1+#4-*-#&'(+0('-%#(
Ȃȱ ¢¸ȱ ȱ ȱ ȱ ;(ȱ¢ȱ Ȃ( $-'( +))3"!1-'(
&3+$%&%"##-,,-'(#-(3-<P&(hL-&%+$%;(]``bi.(
1.2. Les apports et les limites des outils de représentation 
systémique 
K-( '7'&Q*-( ··ȱ ȱ ȱ ȱ ȱ Ȃȱ Ȃȱ ȱ ·( '03( ,-(
¸ȱȂȱ()-0&(P&3-(3-)39'-#&9(43U!-(:($-'("0&%,'( %#I"3*+&%A0-'($-(
*"$9,%'+&%"#(-&($-('%*0,+&%"#($7#+*%A0-.(D+3*%(-02;(,-'(,"4%!%-,'(L&-,,+]](-&(X-#'%*]^(
(((((((((((((((((((((((((((((((((((((((((((((((((
]](1&&)fuulll.%'--'7'&-*'.!"*u'"I&l+3-'uS$0!+&%"#uL&-,,+L"I&l+3-.+')2.(
(
]^(1&&)fuulll.<-#'%*.!"*u((
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'"#&( )+3*%( ,-'( ),0'( 0&%,%'9'( )+3( ,-'( ,+5"3+&"%3-'( $-( 3-!1-3!1-( "0( ,-'( -#&3-)3%'-'(
·ȱ ȱ ȱ ·ȱ Ȃ¢ȱ Ȃȱ ¢¸ȱ ¢ǯȱ ȱ ȱ
¡ȱȱ¢¸ȱ¢ȱ·ȱȱȱȱȱȱȂ·ȱǻ"0(
'&"!p'C( -&( 0#( +3'-#+,( Ȃ·ȱ ·ȱ ȱ ȱ ȱ ȱ ȱ
!"#'&30%&(-&(A0%()-3*-&($-(!+3+!&93%'-3(,-(*"0<-*-#&($0('7'&Q*-(9&0$%9(+0(!"03'($0(
&-*)'.(
Ȃ¢ȱ ȱ ȱ ¥ȱ ȱ ȍ()"'-3(Ȏȱ ȱ ¢¸ȱ ǻȱ ȱ Ȃ·Ǽȱ ȱ (
-')+!-( $-( &3+<+%,( $9$%9.( D"03( !-,+;( %,( $"%&( )"''9$-3( 0#-( )+3I+%&-( !"##+%''+#!-( $-'(
9,9*-#&'( !"#'&%&0+#&( ,-( '7'&Q*-( 9&0$%9( +%#'%( A0-( ,-'( %#&-3+!&%"#'( -#&3-( '-'(
!"*)"'+#&'.(K-(!"*)"3&-*-#&($0('7'&Q*-(-'&(39'",0()+3(0#-(9A0+&%"#($%II93-#&%-,,-(
)-3*-&&+#&( $-( 3-)39'-#&-3( '+( G(&3+6-!&"%3-(H.( ?-( &7)-( $-( ,"4%!%-,( Ȃ¸ȱ ( $-(
39'"0$3-( $-'( 9A0+&%"#'( $%II93-#&%-,,-'( %#&943+5,-';( !v-'&R:R$%3-( $-( 3-)39'-#&-3( 0#(
ȱȂȱ¢¸ȱ¢ȱ·ǯ(
ȱ ȱ ȱ ¡¹ȱ ȱȱ Ȃ7'-( -&($+#'( ,+()39$%!&%"#($-'(
!"*)"3&-*-#&'($7#+*%A0-'($-('7'&Q*-'(&-!1#%A0-';($"#&(,-(!"*)"3&-*-#&(-'&(:(,+(
I"%'($9&-3*%#%'&-;( ·ȱȱ·ǯȱȱ·ǰȱ ȱ¢ȱȂȱ
ȱ Ȃ·ȱ ȱ ȱ ··ȱ ȱ ȱ ȱ Ȃȱ ¢¸ȱ ȱ ȱ ¹ȱ
·ȱ ȱ ȱ ȱ¸ȱ Ȃȱ ¢·ȱ ·ȱ ȱ ȱ ȱ¸ȱ
LE[8D.(
?-)-#$+#&;( !-'( ,"4%!%-,'( *"#&3-#&( ,-03'( ,%*%&-'( $+#'( ,-03( !+)+!%&9( :( )39$%3-( ,-(
ȱ Ȃȱ ¢¸( '"!%"R&-!1#%A0-.( W#( '7'&Q*-( '"!%"R&-!1#%A0-( -'&( 0#(
'7'&Q*-( !"*),-2-( )"''9$+#&( $-'( %#&-3+!&%"#'( #"#( ,%#9+%3-'.( L"#( !"*)"3&-*-#&( '-(
&3+$0%&( )+3( $-'( 9A0+&%"#'( $%II93-#&%-,,-'( #"#( ,%#9+%3-'( A0%( #-( )-0<-#&( P&3-( 39'",0-'(
A0-($+#'($-'(!+'(&3Q'()+3&%!0,%-3'.(S#()3+&%A0-;($-'(,"4%!%-,'(&-,'(A0-(L&-,,+("0(X-#'%*;(
·ȱ ȱ ȱ ·ȱ Ȃ·ȱ ·ȱ ·ǰȱ ȱ ȱ ·ȱ ȱ
ȱ Ȃȱ ¢¸ȱ R&-!1#%A0-.( D+3( !"#'9A0-#&;( %,( $-*-03-( :( !-( 6"03(
%*)"''%5,-( $-( *"$9,%'-3( -&( ȱ ȱ ȱ ³ȱ ȱ ȱ ȱ Ȃȱ
'7'&Q*-('"!%"Rȱ¥ȱȂȱȱȱǯ(
ȱ¥ȱȱ¸ȱȂ¢ȱȱ¢¸ȱ¢ȱ(,%#9+%3-';(0#-(39)"#'-(
-'&()+3&%-,,-*-#&(+))"3&9-()+3($-'($9*+3!1-'(*+&19*+&%A0-'($-(G(,%#9+3%'+&%"#(H.(K-(
ȱ ǰȱ ¥ȱȱȂȱ ¢¸ȱ¢ȱȱ ȱ( ·ǰȱȂȱ
ȱ ·ȱ ·ȱ ·ȱ Ȃȱ ǯȱ ȱ ·ȱ ȱ
ȱ ȱ ·ȱ ·ȱ ȱ ȱ ȱ ȱ ȱ Ȃ¢ȱ ȱ ȱ ȱ
)"&-#&%-,,-(ǻȱȂ·Ǽȱȱȱ·ǯ(
2. Les apports et les limites du modèle G¶DFFLGHQW
STAMP 
ȱȱȂȱ¥ȱ·ȱȱ¡ȱȱȱȱȱȱ¸ȱ
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,ȱ·ȱ·ȱ¥ȱȱȱȱêȱȂȱ¸ȱȂȱ¢·ȱȱ
3-4+3$( $-'( %#'0II%'+#!-'( $-'( *¸ȱ Ȃȱ ǰȱ ( ,-'( ,%*%&-'( $0(
!+$3-( &19"3%A0-($-(!-( &7)-($-(*"$Q,-(:(&3+%&-3( ,-'('7'&Q*-'(!"*),-2-';()+3(-''-#!-(
%#'&+5,-'.(
2.1. /HVSUpUHTXLVjODPLVHHQ°XYUHGHVPRGqOHV
G¶DFFLGHQWV\VWpPLTXHV 
ȱ ¸ȱ Ȃ( '7'&9*%A0-'( '"#&( I"#$9'( '03( ,+( &19"3%-( 49#93+,-( $-'(
'7'&Q*-'(-&( ,+( &19"3%-($0(!"#&3Z,-.( M,'('"#&(!+3+!&93%'9'()+3(0#(+')-!&($7#+*%A0-(-&(
ȱȱ·ȱǻȱȂȱȱC(h@+'*0''-#;(\dd_i.([0($-,:(
$-( ,+( *+Tȱ ȱ ·ȱ ȱ ¢¸ȱ ȱ ȱ âǰȱ ȱ ¸ȱ Ȃȱ
'7'&9*%A0-( %*),%A0-( ,+(),-%#-()"''-''%"#(ȱ¸ȱȂ($%&'( &3+$%&%"##-,'.(
ȱ¸ȱȱ¥ȱȂ¢ȱȱȱȱ··ȱȱ¢¸;()+''+#&(
)+3( 0#-( !"##+%''+#!-( $-'( +))3"!1-'( -&( $-'( &-!1#%A0-'( +)),%A09-'( :( !-( !1+*)(
$%'!%),%#+%3-.(
Ȃȱ Ȃȱ ¸ȱ Ȃȱ ¢·ȱ ȱ Ȃ·ȱ ȱ
!"##+%''+#!-'()39+,+5,-'(+0('-%#($-'(&19"3%-'($0(!"#&3Z,-(-&($-'('7'&Q*-'.([%#'%;( ,-'(
!"#!-)&'($-('7'&9*%A0-;($-(!"#&3Z,-;($-(5"0!,-($-(!"#&3Z,-;($-(39&3"+!&%"#(BI--$5+!pC;(
-&!.($"%<-#&( P&3-()+3I+%&-*-#&( !"##0';( !-(A0%( %*)"'-($+#'( ,-'( I+%&'(0#-(*+T&3%'-($-(
!"#!-)&'( +))+3&-#+#&( +0''%( 5%-#( +0( $"*+%#-( G('7'&9*%A0-(H( Ȃ( $"*+%#-( $-( ,+(
··ǯȱȱ¸ȱȱ¥ȱȂ¢ȱȂ·ȱȱȱȱ·ȱ
G('9!03%&9(Ȏȱ ȱ Ȃ·ȱ ȱȂ¢ȱ ȱ 7'&Q*-($+#'( '+( 4,"5+,%&9.( D+3( +%,,-03';(
Ȃ·ȱȱ¸ȱȂȱȱ¥ȱÉȱȱȱȱȱ
A0-(,+($7#+*%A0-($-('7'&Q*-'("0(,-'(+)),%!+&%"#'(%#I"3*+&%A0-'($-(*"$9,%'+&%"#($-(
'7'&Q*-'($7#+*%A0-'.(
>+#'(,ȱȱȱȱ¢·ǰȱȂȱȂȱ¸ȱȂȱ¢·ȱ
3-A0%-3&(0#-(*+T&3%'-($-'(GI"#$-*-#&'(H($-(,+()-#'9-('7'&Q*-(f(
Ŷ ȂR!-(Ȃ0#('7'&Q*-(|(!ȱȂ·(|(
Ŷ ȂR!-(A0-(,+(!"*),-2%&9(|(
Ŷ A0-,'('"#&(,-'($%II93-#&'(&7)-'($-('7'&Q*-'(|(
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3. 3URSRVLWLRQ G¶XQ FDGUH WKpRULTXH HW FRQFHSWXHO
SRXUXQSUHPLHUPRGqOHG¶DFFLGHQW© chaotique » 
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3.1. Un cadre déterministe non intégrable : la théorie du 
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Figure 35 Ŷ Module FRAM décrivant une activité ou une fonction à partir de six aspects 
adapté de Hollnagel, 2004 
$QRWHUTXHFHWWHDSSURFKHIRQFWLRQQHOOHGHODPpWKRGH)5$0VHIRFDOLVHVXUO¶pWDWILQDOGXV\VWqPH
en plaçant le sujet dans un contexte plus large que le système auquel il appartient. 
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3.2.2. Le concept de « bruit » systémique 
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Exemple : La plateforme pétrolière Deepwater Horizon 
 
L¶H[SORVLRQGHODSODWHIRUPHDeepwater Horizon de BP en avril 2010 a entraîné la mort de 
onze personnes et le naufrage de la plateforme. 
Avant explosion, cette plateforme est un système socio-technique, donc complexe (S1 dans 
la figure 38) G¶H[SORLWDWLRQ GH JLVHPHQWV SpWUROLHUV HQ KDXWH PHU FRPSRVp G¶XQ QRPEUH
LPSRUWDQWG¶LQWHUDFWLRQVQRQ OLQpDLUHVHWSUpVHQWDQWXQpWDWG¶pTXLOLEUH LQVWDEOH&HWpWDWQH
GpSHQG SDV GLUHFWHPHQW G¶pYHQWXHOOHV SUHVVLRQV H[WHUQHV HW HVW donc un état G¶équilibre 
instable par QDWXUH FDU FRPSOH[H /¶HQMHX VpFXULWDLUH SRXU la plateforme est alors de 
maintenir une stabilité structurelle synonyme de sécurité au regard de contraintes 
économiques/productives (son environnement). 
Les pressions grandissantes (ici, les changements environnementaux) perturbent le 
système « Deepwater Horizon ªRXV\VWqPH%3HWVRQWjO¶RULJLQHGHVDGpV\QFKURQLVDWLRQ
« chronique » avec son environnement. Cette désynchronisation provoque la formation 
G¶XQHVWUXFWXUHGLVVLSDWLYe (structure instable) issue G¶XQSKpQRPqQHG¶DXWR-organisation. Le 
SKpQRPqQHG¶DXWR-organisation se retrouve dans tout système socio-technique permettant 
DXV\VWqPHGHVHUHVWUXFWXUHUVDQVDFWLRQH[WpULHXUH&HSHQGDQWOHV\VWqPH%3Q¶DSXrWUH
reconfiguré (mise à jour des paramètres de contrôle) à temps pour répondre de façon 
adéquate à ce changement La plateforme est un système socio-technique générant sa 
propre flèche du temps et donc ses changements irréversibles. Ces derniers peuvent être 
plus ou moins bien intégrés au sein de la structure dissipative, impliquant un effort 
SHUPDQHQWG¶DGDSWDWLRQHWGHFRQWU{OH 
Au sein du système BP, la mise à niveau des paramètres de contrôle (notamment la 
YpULILFDWLRQHWOHFRQWU{OHGHODYDOYHGHVpFXULWpLQVWDOOpHjO¶HQWUpHGXSXLWs servant à gérer 
OHV SUREOqPHV GH SUHVVLRQ V¶HVW DYpUpH WURS ORQJXH HW OH © temps de Lyapounov » 
considéré comme le passage vers un comportement chaotique (et donc imprédictible) a été 
DWWHLQWȜ > 0). 
&H FRPSRUWHPHQW FKDRWLTXH V¶HVW WUDGXLW SDU XQ IOX[ LQFRQWU{Op G¶K\GURFDUEXUH UHPRQWDQW
dans le puit, libérant des gD]jO¶RULJLQHGHO¶H[SORVLRQDccident 1). Cet accident a mené à 
un système dissipatif (S2) extrêmement endommagé (S1 et S2 devaient être faiblement 
couplés). Ce « nouveau » système S2, est un système socio-technique fortement instable en 
« crise ». Le but des sauveteurs est alors de stabiliser ce système pour le sortir de son cycle 
de crise. Cependant, le système S2, correspondant à la plateforme « Deepwater Horizon » 
HQIHXQ¶DSXrWUHVWDELOLVpjWHPSVSDU OHELDLVGHFRQWU{OHVDGpTXDWV2QDVVLVWHDORUVj
une seconde bifurcation (S2 vers S3) menant au naufrage (à la destruction complète) de la 
plateforme (S3 jO¶pWDWG¶pTXLOLEUHVWDEOH± la plateforme est réduite à cet instant (on peut ici 
SDUOHUG¶LQVWDQWjXQVLPSOHV\VWqPH WHFKQLTXHGRQW OHFRPSRUWHPHQWSHXWrWUHpWXGLpDX
travers de la théorie général des systèmes de Bertalanffy). 
/HV\VWqPHQ¶DSDVSXDWWHLQGUHXQQRXYHODWWUDFWHXUGXPrPHEDVVLQG¶DWWUDFWLRQEDVVLQ$
et est devenu incontrôlable (comportement chaotique) ; son comportement devient alors 
imprédictible (son attracteur est un attracteur chaotique).  
Le système BP a subit de fortes pertes après la première explosion (accident 1) résultant 
G¶XQHELIXUFDWLRQXQSDVVDJHVSRQWDQpLUUpYHUVLEOHHQUDLVRQGHVQRQ-linéarités) du bassin 
$DXEDVVLQ%/DWUDMHFWRLUHGXV\VWqPHVHWURXYHDORUVGDQVOHEDVVLQG¶DWWUDFWLRQ% 
Nous sommes eQSUpVHQFHG¶XQVystème B, ayant subi de forts dommages et constituant à 
ce jour un système purement technique GDQVXQpWDWG¶pTXLOLEUHVWDEOHle comportement est 
devenu linéaire et prédictible (le système est détruit, donc « mort ») et évolue donc au cours 
du temps, ne présentant SOXV GH IOqFKH GX WHPSV /H V\VWqPH QH VXELW DORUV TX¶XQH
dégradation par libératiRQG¶pQHUJLHDXWR-inhibition). 
Les forts dommages (forte différenciation) amènent à penser que le système A (avant 
explosion) et le système B (système actuel) étaient fortement connectés et donc faiblement 
couplés. Ce couplage (rapprochement) entre deux systèmes de bassins différents résulte 
G¶XQSKpQRPqQHG¶DXWRFDWDO\VHQRQFRQWU{OpH/HEDVVLQ%HVWYHQX© arracher » de façon 
violente le système A pour le faire bifurquer vers le bassin B. 
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Figure 39 Ŷ 4XDOLILFDWLRQG¶XQSKpQRPqQHĭHQIRQFWLRQGHVHVFDUDFWqUHVUpYHUVLEOHHW
prédictible 
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Figure 40 Ŷ (VSDFHGHVpFXULWpG¶XQV\VWqPHHQIRnction des phénomènes existants 
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Exemple : /¶DFFLGHQWGXYRO86$LUZD\V 
 
Le 15 janvier 2009, un Airbus A320 de la compagnie aérienne US Airways se pose 
G¶XUJHQFHVXUOHIOHXYH+XGson à New York. Le bilan de cet accident est de 78 blessés sur 
les 155 SDVVDJHUVHWPHPEUHVG¶pTXLSDJH/DFDXVHGHFHWDFFLGHQWHVWODFROOLVLRQDYHFXQ
YROG¶RLVHDX[D\DQWSURYRTXpGHVGRPPDJHVVXUOHVUpDFWHXUVGHO¶DYLRQ, puis une perte de 
puissance deV PRWHXUV 6XLWH j O¶DmHUULVVDJH IRUFp VXU O¶+XGVRQ SOXVLHXUV QDYHWWHV HW
bateaux se trouvant à proximité se sont rendus rapidement sur place pour porter secours 
aux passagers. 
Lors de cet évènement, un phénomène accident a provoqué une brisure de symétrie. Cette 
GLVV\PpWULHHVWGXHj ODSUpVHQFHG¶XQYROG¶RLVHDXx dans le système (confrontation avec 
une réalité) /H SKpQRPqQH LPSUpGLFWLEOH FROOLVLRQ DYHF XQ YRO G¶RLVHDX[ mène au 
phénomène impérieux O¶DmHUULVVDJHG¶XUJHQFHVXU OHIOHXYH+XGVRQ, source de pertes et 
de dommages, G j O¶DEVHQFH GH UpSRQVH DGDSWpH GX SLORWH IDFH j FHW pYqQHPHQW
LPSUpGLFWLEOH6LFHSKpQRPqQHLPSUpGLFWLEOHQ¶DYDLWSDVHPSrFKpO¶DYLRQGHFRQWLQXHUVRQ
YRO MXVTX¶j VD GHVWLQDWLRQ DORUV FH SKpQRPqQH DXUDLW pWp TXDOLILp GH SKpQRPène 
« incident ª&HWWHGLIIpUHQFHGHTXDOLILFDWLRQGpSHQGGHODFDSDFLWpG¶DGDSWDWLRQGXV\VWqPH
à faire face à un phénomène imprévisible en apportant une réponse adaptée après avoir 
intégré un nouveaux flux. 
/H SKpQRPqQH FDUDFWpULVp SDU O¶DVVLVWDQFH GHV navettes et des bateaux se trouvant à 
SUR[LPLWpDXPRPHQWGHO¶DFFLGHQWHVWTXDOLILpGHSKpQomène de « crise ». Ce phénomène 
peut PHQHUjG¶DXWUHVSKpQRPqQHVDccidents et/ou impérieux mais présente une tendance 
à atteindre la courbe de sécurité et, par conséquent, à atteindre une sortie de crise. 
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Figure 41 Ŷ 3URFHVVXVGHUpSRQVHG¶XQV\VWqPHIDFH au phénomène accident dans un 
contexte donné. 
Le système dont la structure est dissipative tente de se maintenir dans un espace des phases (ou une 
section) « sûr ªSDUOLEpUDWLRQG¶HQWURSLHHQVHUpRUJDQLVDQW 
/RUVTX¶XQ VHXLO FULWLTXH HVW DWWHLQW DORUV XQe bifurcation a lieu menant au phénomène impérieux ou 
incident caractérisant la réponse (inadéquate ou adéquate) du système dépendant de sa mémoire 
propre. 
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+#$( @-)"3&%#4( "I( M#!%$-#&'( +#$( [!!%$-#&'.( M@M[( ]``^;( J+&%"#+,( [-3"#+0&%!'( +#$(
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C1$$0"@%$O& Rf& B\dd^C.( V0*+#( @3-,%+5%,%&7( [#+,7'%'f( ?"#&-2&( +#$( ?"#&3",.( L+#(
>%-4";(?+,%I"3#%+;([!+$-*%!(D3-''.(
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L7'&-*'(S#4%#--3%#4(L7'&-*'.(J-l(Ñ"3pf(E+7,"3Ör3+#!%'.(
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j+%$O&VfO&R$$+1*O&Rf& a\dd_C;(?1+"'(E1-"37( %#( &1-(L"!%+,( L!%-#!-';( r"0#$+&%"#'(+#$(
[)),%!+&%"#';(8%!1%4+#(S$%&%"#'.(
j1$)1@1-1KKO&Yf& a\dcaC;(E1-(=-#-3+,(E1%#4("I(>7#+*%!+,( L7'&-*'(+#$(?,+''%!+,(
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G%-1IO& YfO& [+@01-%*O& QfWf& a\dd]C.( K-( @%'A0-( E-!1#","4%A0-;( DWr.( k0-( '+%'R6-(|( #~(
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G%M%(10O& _fi( B]``]C.( 8"$-,RN+'-$( [#+,7'%'( "I( L"!%"RE-!1#%!+,( @%'p;( E-!1#%!+,(
@-)"3&;(S#4%#--3%#4(L7'&-*'(>%<%'%"#;(8+''+!10'-&&'(M#'&%&0&-("I(E-!1#","47.(
G%M%(10O&_fif(B]``^C.([(J-l([))3"+!1(&"(V+x+3$([#+,7'%'(I"3(?"*),-2(L7'&-*'.(
M#&-3#+&%"#+,(?"#I-3-#!-("I(&1-(L7'&-*(L+I-&7(L"!%-&7.(>-#<-3;(?o.(
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(
G%M%(10O&_fif&a]``^C.(Y1%&-(D+)-3("#([))3"+!1-'(&"(L+I-&7(S#4%#--3%#4;(8ME.(
G%M%(10O& _fifO& V"12eO& TfO& V2$"3O& _fO& T"-"+(O& jf& a]``^C.( [( L7'&-*'( E1-"3-&%!(
[))3"+!1(&"(L+I-&7(S#4%#--3%#4;([-3"u['&3"(>-)+3&*-#&;(8ME.(
G%M%(10O& _fif& B]``aC.( [( J-l( [!!%$-#&( 8"$-,( I"3( S#4%#--3%#4( L+I-&7( L7'&-*'.(
L+I-&7(L!%-#!-(a]BaCf(]^_R]_`.(
G%M%(10O& _fif( B]``aC.( E1-( @",-( "I( L"I&l+3-( %#( L)+!-!3+I&( [!!%$-#&'.( /"03#+,( "I(
L)+!-!3+I&(+#$(@"!p-&'(a\BaCf(cbaR(c_c.(
G%M%(10O& _fifO& V"12eO&TfO& V2$"3O& _fO&T"-"+(O& jf( B]``aC.( [( L7'&-*'R( E1-"3-&%!(
[))3"+!1( &"( L+I-&7( S#4%#--3%#4f( [( ?+'-( L&0$7( 8ME( SL>( S2&-3#+,( L7*)"'%0*;(
?+*53%$4-;(8[.(
G%M%(10O& _fif& a]``cC.( L+I-&7( %#( M#&-43+&-$( L7'&-*'( V-+,&1( S#4%#--3%#4( +#$(
8+#+4-*-#&.( D+)-3( )3-'-#&-$( +&( &1-( J[L[( [*-'( M#&-43+&-$( L7'&-*( V-+,&1(
-#4%#--3%#4(+#$(8+#+4-*-#&(r"30*.(
G%M%(10O&_fifO&V2$"3O&_f( B]``cC.(@%'p([#+,7'%'("I(J[L[( M#$-)-#$-#&(E-!1#%!+,(
[0&1"3%&7.(?+*53%$4-;(8[;(8ME.(^^\(
G%M%(10O& _fifO& V2$"3O& _f( B]``cC.( L+I-&7( +#$( @%'p( >3%<-#( >-'%4#( %#( ?"*),-2(
L7'&-*'("I(L7'&-*'.(J[L[u[M[[(L)+!-(S2),"3+&%"#(?"#I-3-#!-.(o3,+#$";(rK.(
G%M%(10O&_fifO&V2$"3O&_fO&T"-"+(O&jfO&5"--1$$O&Qf( B]``cC;(8"<%#4(N-7"#$(J"3*+,(
[!!%$-#&'( +#$( V%41( @-,%+5%,%&7( o34+#%x+&%"#'f( [( '7'&-*'( [))3"+!1( &"( L+I-&7( %#(
?"*),-2(L7'&-*';(8[;(8ME.(
G%M%(10O& _fif( B]``bC.( [( J-l( [))3"+!1( &"( L7'&-*( L+I-&7( S#4%#--3%#4.(
?+*53%$4-;(8[;(W#)05,%'1-$(8+#0'!3%)&.(
G+0'%-O& ?fO& i"-3+"O& QfO& _%+)"0O& Yf& a]``^C( SII-!&'( "I( J"%'-( %#( S2!%&+5,-( L7'&-*';(
)17'(3-).(
G1-%0mO&Rf&a\db^C(>-&-3*%#%'&%!(J"#R)-3%"$%!(r,"l.(V8!>(;&-8!9%,86!9BO(\^`R\a\.(
G1-%0mO&Rf&a\d_]C(D3-$%!&+5%,%&7( f(>"-'(&1-(r,7(ȱȱ¢Ȃȱȱ ȱ£ȱȱ
oII(+(E"3#+$"(%#(E-2+'(|;([*-3%!+#([''"!%+&%"#(I"3(&1-([$<+#!-*-#&("I(L!%-#!-.(
T"-"+(O&jfO&V2$"3O&_fO&G%M%(10O& fif( B]``aC.( N-7"#$(J"3*+,([!!%$-#&'( +#$(V%41(
@-,%+5%,%&7( o34+#%x+&%"#'f( K-''"#'( I3"*( &1-( L)+!-( L10&&,-.( 8ME( SL>( S2&-3#+,(
L7*)"'%0*;(?+*53%$4-;(8[.(
T"-"+(O& jf( B]``cC.( [( J-l( [))3"+!1( &"( @%'p( [#+,7'%'( Y%&1( +( r"!0'( "#(
o34+#%x+&%"#+,( @%'p( r+!&"3'.( >-)+3&*-#&( "I( [-3"#+0&%!'( +#$( ['&3"#+0&%!'.(
?+*53%$4-;(8[;(8+''+!10'-&&'(M#'&%&0&-("I(E-!1#","47.(
T"-36O& QfifO& [7-12$$O& Gf[fO&!")2mO&Tf( B\dd\C.( K-+3#%#4( I3"*(L+*),-'( "I(o#-("3(
r-l-3.(o34+#%x+&%"#+,(L!%-#!-.].(
T3V100%$$O& VfO& Y##1**O& Vf& a]``dC( Y1+&( %'( L&"!1+'&%!( @-'"#+#!-( |( >-I%#%&%"#';(
*%'!"#!-)&%"#';($-5+&-'(+#$(%&'(3-,-<+#!-(&"(5%","47;(DK"'(?"*)0&+&%"#+,(N%","47.(
T%"'1h(O& VfCfO& T%"'1h(O& VfGfO& D"0'%-(O& QfO& ?%6-%0(O& gfgf( B\d_]C.( K%*%&'( &"(
=3"l&1.(J-l(Ñ"3p;(JÑ;(J-l([*-3%!+#(K%53+37.(
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(
T%"'1h(O& VfCfO& T%"'1h(O& VfGfO& D"0'%-(O& Qf( B\dd]C.( N-7"#$( &1-( K%*%&'f(
?"#I3"#&%#4( =,"5+,( ?",,+)'-;( S#<%'%"#%#4( [( L0'&+%#+5,-( r0&03-.( D"'&( 8%,,';( XE;(
?1-,'-+(=3--#.(
T%"'1h(O&VfCfO& D"0'%-(O& QfO&T%"'1h(O&VfGf& a]``aC.( K%*%&'( &"( =3"l&1;( E1-( ^`R
Ñ-+3(W)$+&-;(S+3&1L!+#;(WL[.(
T%"'1h(O& Vf& a]``eC;( E1%#p%#4( %#( L7'&-*';( [( D3%*-3;( S$%&-$( 57( >%+#+(Y3%41&;(
L0'&+%#+5%,%&7(M#'&%&0&-;(?1-,'-+(=3--#(D05,%'1%#4;(WL[(
T=*"+(H56"(*"0+%-O&?f&aŘŖŗŖǼǯȱȂǰ(ȱȱȱȂǯȱ[4Z#;(>"''%-3(
ǚŘȱǱȱȂǯ(
_%h*10O& /f& a\be_C( D1%,"'")1+-(J+&03+,%'( D3%#!%)%+(8+&1-*+&%!+;( 60''0( '"!%-&+&%'(
3-4%+-(+!(&7)-'.(
_1M1(1$`f(B]`\`C.(lll.#"<"'",.5-.(L",<+7(L.[.(
E@"*"O&jf(B\dd_C.(8"$-3#(?"#&3",(S#4%#--3%#4.(D-+3'"#(WL(M*)"3&'.(
E2I"0@O&TfO&C10@O&GfO&l2O&TCO&S%+O&nf(B]`\`C(LE[8DRN+'-$([#+,7'%'("#(&1-(@+%,(
[!!%$-#&( +#$( [!!%$-#&( L)3-+$%#4f( E+p%#4( &1-( ?1%#+R/%+"6%( [!!%$-#&( r"3( S2+*),-;(
M#'&%&0&-( "I( L7'&-*'( S#4%#--3%#4;( V0+x1"#4( W#%<-3'%&7( +#$( E-!1#","47;( Y01+*;(
?1%#+( Ö( >-)+3&*-#&( "I( ?%<%,( +#$( S#<%3"#*-#&( S#4%#--3%#4;( @%!-( W#%<-3'%&7;( En;(
WL[.(
W"-"(2-")"0O& Df& a\dd_C( V0*+#'( +#$( [0&"*+&%"#f( W'-;(8%'0'-;( >%'0'-;( [50'-.(
V0*+#(r+!&"3';(^dB]C;(]^`R]c^.(
W"-+(O& DfO& [7%-#%-O& Sf& a]``dC.( ȂRȱ ȱ ȂR"34+#%'+&%"#( |(
lll.*+&%-3-3-<",0&%"#.I3.((
W"*=H51-0%$$O& Rf&Tf( B\dd`C.(o34+#%x+&%"#+,([')-!&( "I(S#4%#--3%#4( L7'&-*(L+I-&7.(
L!%-#!-(]c`.(
W"*=H51-0%$$O& Rf& TfO& V%"0& T+36"%$& T2-76If( B\ddbC.( V0*+#( +#$( 8+#+4-*-#&(
r+!&"3'( %#(D3"5+5%,%'&%!(@%'p([#+,7'%'f( E1-( L[8([))3"+!1( +#$(o5'-3<+&%"#'( r3"*(
@-!-#&([)),%!+&%"#'.(@-,%+5%,%&7(S#4%#--3%#4(+#$(L7'&-*(L+I-&7.(c^(
W%-%+-"O& [f& QO& G%%O& ifO& C1h"-'O& Qf& aŘŖŖŜǼǯȱ ȃȱ ¢RE1-"3-&%!( V+x+3$( [#+,7'%'(
8-&1"$","47(I"3(+(J"#R+$<"!+&-(L+I-&7([''-''*-#&("I(&1-(N+,,%'&%!(8%''%,-(>-I-#'-(
L7'&-*;(8>[.(
W%--1hO& 5f( B\de]C.( E1-( D3-'%$-#&v'( ?"**%''%"#( +#$( &1-( J"3*+,( [!!%$-#&.( E1-(
[!!%$-#&(+&(E13--(8%,-(M',+#$f(E1-(V0*+#(>%*-#'%"#.(?.(D.(Y.(>+<%$(K.(L%,,';(+#$(
X%<%-#(N.(L1-,+3'p%(Y-'&<%-l(D3-''.(
W%--1hO&5f( B\dea;(\dddC.(J"3*+,([!!%$-#&'f(K%<%#4(l%&1(V%41R@%'p(E-!1#","4%-'.(
D3%#!-&"#;(J/;(D3%#!-&"#(W#%<-3'%&7(D3-''.(
W1+03"-=O&Cf&a\d`eC.(L!%-#!-(-&(89&1"$-.(
W-+@1@+0%O&/fO&[*%0@%-O&/f&a\d_dC.(K+(J"0<-,,-([,,%+#!-;(r",%"(S''+%'.(
W-+@1@+0%O& /fO& [*%0@%-O& /f& a\deeC.( S#&3-( ȱ ȱ ȱ Ȃ1&-3#%&9;( K%53+%3%-( [3&1Q*-(
r+7+3$..(
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(
W-+@1@+0%O&/f&a\dd^C.(K-'(K"%'($0(?1+"';(K+&-3x+;(@"*-.(
W-+@1@+0%O&/f&a\ddbC.(K+(r%#($-'(?-3&%&0$-';(q$%&%"#'(o$%,-(/+!"5.(
W-+@1@+0%O&/f&aŘŖŖŗǼǯȱȂ
ȱȱȂǰȱq$%&%"#'(o$%,-(/+!"5.(
n2-%(6+O& Xf& a]``eC( [( @-<%-l( "I( [!!%$-#&( 8"$-,,%#4( [))3"+!1-'( I"3( ?"*),-2(
?3%&%!+,( L"!%"&-!1#%!+,( L7'&-*';( [0'&3+,%+#( ="<-3#*-#&;( >-)+3&*-#&( "I( >-I-#!-;(
?"**+#$;(?"#&3",;(?"**0#%!+&%"#(+#$(M#&-,,%4-#!-(>%<%'%"#.(
n2-%(6+O& XfCfO& 5")7#%$$O& Yf& a]``eC;( L7'&-*%!( [!!%$-#&( 8"$-,,%#4( "I( ?"*),-2(
?3%&%!+,(L"!%"R&-!1#%!+,(L7'&-*'(%#(V%41,7(E-!1#","4%!+,(o34+#%'+&%"#';(>-I-#!-(+#$(
L7'&-*(M#'&%&0&-;(W#%<-3'%&7("I(L"0&1([0'&3+,%+.(
D"()2((%0O& Qf& B\de^C.( Lp%,,;( @0,-';( +#$( É#"l,-$4-j( L%4#+,';( L%4#'( +#$( L7*5",';(
+#$( "&1-3( >%'&%#!&%"#'( %#( V0*+#( D-3I"3*+#!-( 8"$-,'.( MSSS( E3+#'+!&%"#'( "#(
L7'&-*';(8+#(+#$(!75-3#-&%!'.(
D"()2((%0O& QfO& W%J*%-(%0O& YfTfO& i11'(*%+0O& GfWf& B\ddaC.( ?"4#%&%<-( L7'&-*'(
S#4%#--3%#4;(Y%,-7RM#&-3'!%-#!-.(
D"()2((%0O& Qf( B\dd_C.( @%'p( 8+#+4-*-#&( %#( +( >7#+*%!( L"!%-&7f( [( 8"$-,,%#4(
D3"5,-*.(L+I-&7(L!%-#!-(]_B]u^Cf(\e^R]\^.(
D"()2((%0O& QfO& [M%'20@& of( B]```C.( D3"+!&%<-( @%'p( 8+#+4-*-#&( %#( +( >7#+*%!(
L"!%-&7.(Ll-$%'1(@-'!0-(L-3<%!-'([4-#!7.(
D"()2((%0O&QfO&[M%'20@&of(B]``]C.(=3+)1%!(@-)3-'-#&+&%"#("I([!!%$-#&(L!-#+3%"'f(
8+))%#4( L7'&-*(L&30!&03-( +#$( &1-(?+0'+&%"#( "I([!!%$-#&'.( L+I-&7( L!%-#!-( a`f( ^d_R
a\_.(
D%"(10O&Qf(B\dd`C.(V0*+#(S33"3.(J-l(Ñ"3pf(?+*53%$4-(W#%<-3'%&7(D3-''.(
D%"(10O&Qf&B\ddcC.([(L7'&-*([))3"+!1(&"(o34+#%x+&%"#+,(S33"3.(S34"#"*%!'(^eBeCf(
\_`eR(\_]\.(
D%"(10O&Qf(B\dd_C.(8+#+4%#4(&1-(@%'p'("I(o34+#%x+&%"#+,([!!%$-#&';(['14+&-.(
D%36*+0O& Rf& a\dd\C.( L7'&-*'( [3!1%&-!&%#4( f( ?3-+&%#4( +#$( N0%,$%#4( ?"*),-2(
L7'&-*'.(D3-#&%!-(V+,,;(\'&(-$%&%"#.(
D1#%-*(O& jfCf( B\dedC.( J-l( ?1+,,-#4-'( %#( o34+#%x+&%"#+,( @-'-+3!1f( V%41(
@-,%+5%,%&7(o34+#%x+&%"#'.(M#$0'&3%+,(?3%'%'(k0+&-3,7(
D1#%-*(O& jfCf( B\dd`C.( 8+#+4%#4( 1%41( 3-,%+5%,%&7( "34+#%x+&%"#'.( ?+,%I"3#%+(
8+#+4-*-#&(@-<%-l(^]BaCf(\`\R\\a.(
D1#%-*(O& jfCf( B\dd`C.( L"*-( !1+3+!&-3%'&%!'( "I( "#-( &7)-( "I( 1%41( 3-,%+5%,%&7(
"34+#%x+&%"#.(o34+#%x+&%"#(L!%-#!-(\B]Cf(\b`R\_b.(
D136$+0O& if& /fO& G"& W1-*%O& !fDfO& D1#%-*(O& jfCf( B\de_C.( E1-( L-,IR>-'%4#%#4( V%41(
@-,%+5%,%&7(o34+#%x+&%"#;(J+<+,(Y+3(?",,-4-(@-<%-l.(
D2I%-O& Df( ǻŗşřŖǼǯȱ ȱ Ȃȱ ȱ ȱ ȱ ǰȱ ¸ȱ ȱ
)39'-#&9-(:(,+(r+!0,&9($-'(,-&&3-ȱȱȂW#%<-3'%&9($-(D+3%'.(r.[,!+#.(
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(
["@"0O& [fVf( B\dd^C.( E1-( K%*%&'( "I( L+I-&7f(o34+#%x+&%"#';([!!%$-#&';( +#$(J0!,-+3(
Y-+)"#'.(D3%#!-&"#;(J/;(D3%#!-&"#(W#%<-3'%&7(D3-''.(
["@"0O& [fVf( B]``aC.( E1-( D3"5,-*( "I( @-$0#$+#!7( D3"5,-*f( Y17( 8"3-( J0!,-+3(
L-!03%&7(r"3!-'(8+7(D3"$0!-(K-''(J0!,-+3(L-!03%&7.(@%'p([#+,7'%'(]aBaCf(d^cRdab.(
^^c(
[%0'%-(O& QfgfO& T1-"IO& _fWf( B\dd\C.( V0*+#( S33"3f( ?+0'-;( )3-$%!&%"#;( +#$(
@-$0!&%"#.(V%,,'$+,-;(J-l(/-3'-7f(K+l3-#!-(S3,5+0*([''"!%+&-'.(
[%0@%O& WfTf( B]``bC.( E1-( r%I&1( >%'!%),%#-f( E1-( [3&( +#$( D3+!&%!-( "I( &1-( K-+3#%#4(
o34+#%x+&%"#.(J-l(Ñ"3p;(JÑ;(>"05,-$+7(?033-#!7.(
[%*+"'+O& DfO& j1)O& [f& a]``bC;( LE[8D( [!!%$-#&( 8"$-,( I"3( L+I-&7( S#4%#--3%#4f( [(
?3%&%!+,([#+,7'%';(8.(L"I&L7'S#4.(
[6-+M"(*"M"O&Wf&a\dd]C.(N1")+,(f([#+&"*7("I(+(?3%'%'.(L-!"#$(S$%&%"#;(K"#$"#f(D+0,(
?1+)*+#.(
[e%$*O& [f& a]``]C.( 8-&1"$'( I"3( [!!%$-#&( [#+,7'%'.( @-)"3&( J".( @oLL( BJEJWC(
]```]`e;(J"3l-4%+#(W#%<-3'%&7("I(L!%-#!-(+#$(E-!1#","47;(E3"#$1-%#f(JEJW.(
[*%-)"0O& QfVf( B]```C.( N0'%#-''(>7#+*%!'f( L7'&-*'(E1%#p%#4( +#$(8"$-,%#4( I"3( +(
?"*),-2(Y"3,$.(N"'&"#;(8[;(M3l%#(8!=3+lRV%,,.(
[*-"236O&?f&a]``]C.(M#<-'&%4+&%#4(V0*+#(S33"3(f(M#!%$-#&';([!!%$-#&';(+#$(?"*),-2(
L7'&-*';(['14+&-.(
[*-+0@K%$$1hO&TfO&Eh%0(O&?fO&G%M%(10O&_fO& /0@6")O&TfO&g%+((O&jf& a]``_C.( L+I-&7(
>3%<-#(8"$-,(N+'-$;(L7'&-*(S#4%#--3%#4(8-&1"$","47;(8ME.(
!61)O&DfO&ǻŗşşŗǼǰȱ·ȱȂȱȱ¡·ǰȱ"#'(S$#-&.(
!-+(*O&RfGfO&?")K1-*6O&jfgf&a\dc\C(L"*-(L"!%+,(+#$(D'7!1","4%!+,(?"#'-A0-#!-'("I(
E1-(K"#4l+,,(8-&1"$("I(?"+,R=-&&%#4.(V0*+#(@-,+&%"#';(a;^R^d.(
L[HRWY(B]``cC;(?"#&+*%#+&-$(L-$%*-#&(@-*-$%+&%"#(=0%$+#!-(V+x+3$"0'(Y+'&-(
L%&-.(
^"2@6"0O&Vf(B\ddbC.(E1-(?1+,,-#4-3(K+0#!1(>-!%'%"#f(@%'p7(E-!1#","47;(?0,&03-;(
[#$(>-<%+#!-(+&(J[L[.(?1%!+4";(MM;(W#%<-3'%&7("I(?1%!+4"(D3-''.(
^+-+$+1O&Wf(ǻŘŖŖśǼǯȱȂȱǰȱǰȱ	·ǯ(
M10&?%-*"$"0KKIO&Gf(B\dbeC.(=-#-3+,('7'&-*(&1-"37.(J-l(Ñ"3p;(JÑ;((
g"((%-)"0O& [fO& S"2(*O& jf( B\ddaC.( L"!%+,( J-&l"3p'( [#+,7'%'f( 8-&1"$'( +#$(
[)),%!+&%"#'.(?+*53%$4-;(WÉ;(?+*53%$4-(W#%<-3'%&7(D3-''.(
g%+0#%-@O&ifTf( B\d_cC.([#( M#&3"$0!&%"#( &"(=-#-3+,( L7'&-*(E1%#p%#4;(JÑ;( /"1#(
Y%,,-7(Ö(L"#'.(
g%+3eO& jfRf( B\de_C.( o34+#%x+&%"#+,( ?0,&03-( +'( +( L"03!-( "I( V%41( @-,%+5%,%&7.(
?+,%I"3#%+(8+#+4-*-#&(@-<%-lBY%#&-3Cf(\\]R\\_.(
g%+3eO& jfRfO& D1#%-*(O& jfCf( B\dd^C.( ?",,-!&%<-( 8%#$( %#( o34+#%x+&%"#'f( V--$I0,(
M#&-33-,+&%#4("#(r,%41&(>-!p'.([$*%#%'&3+&%<-(L!%-#!-(k0+3&-3,7(^eB^Cf(^c_R^e\.(
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(
g%+3eO& jfRfO& [2*3$+KK%O& jfO& E#(*K%$'O&Vf( B\dddC.( o34+#%x%#4( I"3(V%41( @-,%+5%,%&7.(
@-'-+3!1(%#(o34+#%x+&%"#+,(N-1+<%"3(]\f(e\R\]^.(
g%+0%-O&_f&a\daeC.(?75-3#-&%!';(?+*53%$4-;(8ME(D3-'';(+#$(J-l(Ñ"3pf(/(Y%,-7.(
g%+0%-O&_f&a\debC.(V0*+#(0'-("I(V0*+#(N-%#4f(?75-3#-&%!'(+#$(L"!%-&7;([<"#.(
g11'(O&VfVfO&Q16"00%(%0O&GfO&["-*%-O&_f?&B\ddaC.(N-1%#$(V0*+#(S33"3f(?"4#%&%<-(
L7'&-*';(?"*)0&-3'(+#$(V%#$'%41&.(Lo[@(@-)"3&(daR`\;(Y3%41&RD+&&-3'"#([%3(r"3!-(
N+'-;(o1%"f(?LS@M[?.(
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(
1'/"D*/")*1..3)($,(&2')*
S+@2-%&8(Ŷ(?1-*%#-*-#&($-(,+(&1Q'-( \a(
S+@2-%&9(Ŷ(E19"3%-($-'($"*%#"'( ]d(
S+@2-%&;(Ŷ(¸ȱȂ(Ȯ(,-(I3"*+4-('0%''-( ^^(
S+@2-%&:(Ŷ(?+3+!&93%'&%A0-'('7'&9*%A0-'( c^(
S+@2-%&.(Ŷ(K%-#'(-#&3-(,+('&30!&03-(-&(,+(I"#!&%"#( ca(
S+@2-%&p(Ŷ(L&30!&03-($0('7'&Q*-('"!%"R&-!1#%A0-( ce(
S+@2-%&<(Ŷ(·ȱ·ȱǻȱ·Ǽȱȱ·ȱȂȱ
'7'&Q*-;(5+'9-('03(,+($943+$+&%"#($-'()3"!-''0'.( b`(
S+@2-%&>(Ŷ(·ȱ·ȱǻȱ·ǼȱȱȂ·ȱȱȱ
'7'&Q*-(-#(I"#!&%"#($-('+($943+$+&%"#.( b\(
S+@2-%&4(Ŷ(·ȱ·ȱȱȂ·ȱ!!%$-#&-,($t(:(,+(*%43+&%"#(
ȱȱȱȂȱ¢¸ȱ¡ȱȱȱ¡ȱ·( b](
S+@2-%&8B(Ŷ(N"0!,-($-(!"#&3Z,-('&+#$+3$( __(
S+@2-%&88(Ŷ(N"0!,-($-(!"#&3Z,-('0)-3<%'9-( _e(
S+@2-%&89(Ŷ(@-)39'-#&+&%"#(49#93+,-($ȂȱȱȱâȱR
&-!1#%A0-( e^(
S+@2-%&8;(Ŷ(N"0!,-($-(!"#&3Z,-($-()3"!-''0'( eb(
S+@2-%& 8:( Ŷ( D3"!-''0'( +0&"*+&%'9( *+%'( '0)-3<%'9( )+3( 0#( !"#&3Z,-03(
10*+%#( ee(
S+@2-%& 8.( Ŷ D3"!-''0'( !"#&3Z,9( )+3( ")93+&-03( 10*+%#( +<-!( 0#-(
+''%'&+#!-(+0&"*+&%'9-( ee(
S+@2-%&8p(Ŷ(D3"!-''0'(LED[(-#(-#A0P&-(+!!%$-#&( d](
S+@2-%&8<(Ŷ(N"0!,-($-(!"#&3Z,-'(%#+$9A0+&'( de(
S+@2-%&8>(Ŷ(D3"!-''0'(LED[(-#(9<+,0+&%"#($-(,+('9!03%&9( \`^(
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(
S+@2-%&84(Ŷ(>9*+3!1-(49#93+,-($-(&3+%&-*-#&($-'('9$%*-#&'(!"#&+*%#9'( \\a(
S+@2-%& 9B(Ŷ( D,+!-( $0( )3"!9$9(J"<"'",g( $+#'( ,+( $9*+3!1-( 4,"5+,-( $-(
4-'&%"#($-'('9$%*-#&'(!"#&+*%#9'( \\_!
S+@2-%&98(Ŷ(o)&%"#'($-(E3+%&-*-#&( \\e(
S+@2-%& 99( Ŷ( >%+43+**-( $-( I,02( J"<"'",g( ,"3'( $-( ,+( )1+'-( $-(
)1"')1+&+&%"#( "34+#%'9( -#( I"#!&%"#( $-'( x"#-'( $-( 3-')"#'+5%,%&9( $-(
!1+A0-(")93+&-03( \]b(
S+@2-%& 9;(Ŷ( q&+)-($-()1"')1+&+&%"#($0()3"!9$9(J"<"'",g( %,,0'&39-( -#(
I"#!&%"#($-'(x"#-'($-(3-')"#'+5%,%&9($-(!1+A0-(")93+&-03( \]_(
S+@2-%&9:(Ŷ(q&+)-($-(!+,!%#+&%"#($0()3"!9$9(J"<"'",g( \]e(
S+@2-%& 9.( Ŷ( 8"$Q,-( $7#+*%A0-( $-( ,+( )1+'-( $-( )1"')1+&+&%"#( $0(
'7'&Q*-(&-!1#%A0-(J"<"'",( \]d(
S+@2-%& 9p( Ŷ( M#I,0-#!-'( +0( '-%#( $0( '7'&Q*-( J"<"'",( -#( )1+'-( $-(
·ȱȱȂ¡;(!-#&39('03(,-(#%<-+0($-(3%'A0-( \^](
S+@2-%&9<(Ŷ(>-'!3%)&%"#(49#93+,-($-(,+('&30!&03-($0('7'&Q*-(J"<"'",g.( \^^(
S+@2-%&9>(Ŷ(D3"!-''0'(LED[(-#(9<+,0+&%"#($-(,+('9!03%&9( \^c(
S+@2-%&94(Ŷ(>9*+3!1-(V[soD()"03(,-()3"!9$9(&-!1#%A0-(J"<"'",g( \^_(
S+@2-%&;B(Ŷ(¡ȱȂ¢ȱ
ȱȱ¢¸ȱȱg(
-&($9I%#%&%"#($-(3-!"**+#$+&%"#'(-&($-'(!"#&3+%#&-'($-('9!03%&9( \^e(
S+@2-%&;8(Ŷ(L&30!&03-($ȱ¢¸ȱțȱ ȱȱ Ȃȱȱ ȱ
ȱȂ¢ȱǯ( \a](
S+@2-%&;9(Ŷ(N"0!,-($-(!"#&3Z,-(%#+$9A0+&( \ab(
S+@2-%&;;(Ŷ(N"0!,-($-(!"#&3Z,-(G(8+%#&-#+#!-(-&(q<",0&%"#(H( \a_(
S+@2-%&;:(Ŷ(ȱȂȱȱȱâȱȱȱȱȱ3-(
$-(!"#&3Z,-($0('7'&Q*-(J"<"'",g( \a_(
S+@2-%& ;.( Ŷ( 8"$0,-( r@[8( $9!3%<+#&( 0#-( +!&%<%&9( "0( 0#-( I"#!&%"#( :(
)+3&%3($-('%2(+')-!&'( \bd(
S+@2-%& ;p(Ŷ(·ȱ ȱ Ȃȱ ȱ ȱ ȱ ȱ ȱ
ȱ¡ȱȱȂ( \_^(
S+@2-%&;<(Ŷ(?7!,-($-(·ȱȂȱ¢¸ȱ·¢·( \_a(
S+@2-%& ;>( Ŷ( ¢ȱ ȱ ȱ ȱ ȱ ·ȱ Ȃȱ ¢¸ȱ R
&-!1#%A0-( \_b(
S+@2-%& ;4( Ŷ( ȱ Ȃȱ ·¸ȱ ǻ̘Ǽȱ ȱ ȱ ȱ ȱ
!+3+!&Q3-'(39<-3'%5,-(-&()39$%!&%5,-( \_e(
S+@2-%& :BŶ( S')+!-( $-( '9!03%&9( Ȃȱ ¢¸ȱ ȱ #!&%"#( $-'(
)19#"*Q#-'(-2%'&+#&'( \_d(
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(
S+@2-%& :8( Ŷ( ȱ ȱ ·ȱ Ȃȱ ¢¸ȱ ȱ ȱ ·¸ȱ
+!!%$-#&($+#'(0#(!"#&-2&-($"##9.( \e\(
(
(
!"#$%"2&8(Ŷ(·ȱȱȂȱ¢( ]_(
!"#$%"2&9(Ŷ(?+3+!&93%'&%A0-'($-'(V@o(-&($-(Ȃȱ( a](
!"#$%"2&;(Ŷ(Ȃȱ¢·( ad(
!"#$%"2&:(Ŷ(?,+''%I%!+&%"#($-'(-33-03'($-(!"#&3Z,-(*-#+#&(:($-'($+#4-3'( ed(
!"#$%"2&.(Ŷ(K%'&-($-'(9,9*-#&'()"03(0#-('&30!&03-($-(!"#&3Z,-( dc(
!"#$%"2&p(Ŷ(K-'(9&+)-'($0()3"!-''0'($-(*"$9,%'+&%"#( \``(
!"#$%"2&<(Ŷ(L"03!-'($-(!"#&+*%#+&%"#($-'('9$%*-#&'( \\^(
!"#$%"2&>(Ŷ(E-!1#%A0-'($-(&3+%&-*-#&($-('9$%*-#&'(!"#&+*%#9'( \]\(
!"#$%"2&4(Ŷ(X+3%+5,-'('&30!&03-,,-($0('7'&Q*-(J"<"'",g( \^`(
!"#$%"2&8B(Ŷ(S2-*),-($-($9I%#%&%"#'($-'(-2%4-#!-'(-&(!"#&3+%#&-'()"03(
,-(!"#&3Z,-03(f(L'()$7),-$!$S72&,(+'($! \a`(
!"#$%"2& 88( Ŷ( [!&%"#'( $-( !"#&3Z,-'( %#+$9A0+&'( )"03( ,-( !"#&3Z,-03(f(
L'()$7),-$!$S72&,(+'($!A&C&-&2W! \aa!
!"#$%"2& 89( Ŷ( ?"#&3+%#&-'( B)"&-#&%-,,-'C( )"03( ,-( !"#&3Z,-03(f( L'()$7),-$!
$S72&,(+'($!A&C&-&W2! \ac(
!"#$%"2&8;(Ŷ(?3%&Q3-'($-(N-##-3()"03(,+(&-!1#%A0-(LED[( \cc(
(
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(
1'/"D*
! 
!""#$%!%&'()*'"&!+#,)-..)
!""&/#(%,)-0,)12,)30,)45,)-34)
/6)%7!8!&+,).-)
9$&/9:&'+';&<6#,)1-)
('7:!+,)1=)
'7;!(&*!%&'((#+,)1-)
!"%&'((#67,)33,)42)
!97'(!6%&<6#,)1.)
!97'*$!%&!+,)=>)
?+!&(,).-)
!(!+@*#)
/#*):'/#*)/#)/9A!&++!("#*,)--)
$79+&:&(!&7#)/#*)7&*<6#*,)--)
!(!+@*#)/#*)/!(;#7*,)-5.,)-5=)
!$$7#(%&**!;#)'7;!(&*!%&'((#+,)13,)10,)-3>)
!7B7#)/#*)"!6*#*,)--)
!7*#(&",)--.)
!%%7!"%#67,)->2,)-3.)
9%7!(;#,)->3)
!6%'"!%!+@*#,)-3-,)-31)
!6%'C'7;!(&*!%&'(,)-3.)
!8&!%&'(,)1.,)=>,)>>)
" 
D!"'()EF7!("&*G,).5)
ďĂƐƐŝŶĚ͛ĂƚƚƌĂĐƚŝŽŶ͕ϭϳϮ)
D#7%!+!(AA@)EH6/I&;)8'(G,)-.,)=>,)2>,)-.1)
DJ'$!+,)1.,)11,)=2,)>0)
B&A67"!%&'(,)-34)
D+!"KL!IK,)=2)
B'6"+#)
!6M)+&:&%#*,)-5-)
/#)"'(%7N+#,)4=,)-=2)
/#)$7'"#**6*)/#)"'(%7N+#,)-5=)
/#)79%7'!"%&'(,)=4,)25,)2-,)>1)
#M$+'*&8#,)25,)>1)
(9;!%&8#,)25,)>1)
'68#7%#,)3>)
$'*&%&8#,)25)
*%!B&+&*!%7&"#,)25)
B'6"+#)/#)"'(%7N+#,)03)
B'6#*)&(/6*%7&#++#*,)-.2)
B7&*67#)/#)*@:9%7&#,)-32,)-33)
B76&%,)->0)
# 
"!/:&6:,)--.)
"!+"&(!%&'(,)-.4)
"!$%#67,)33,)4>)
"!%!*%7'$J#,).-,)-31)
"!6*!+&%9,)2=)
"#(%7!+&*!%&'(,)14)
ĐŚĂŠŶĞĚ͛ĠǀğŶĞŵĞŶƚƐ͕Ϯϳ)
!"#$$%&'%(,)=5,)=2,)45)
"J!'*,)->=)
"J!7;#)/#)%7!8!&+,)>0)
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(
"J&:&#,)=>)
"J7':#,)--.)
"&(/@(&<6#*,)0)
O'+6:B&!,)1.,)45)
"'::6(&"!%&'(,)2.)
"':$+#M&%9,)=0,)->>,)-3=)
('()'7;!(&*9#,)2>)
'7;!(&*9#,)2-,)2>)
"':$+#M&%9)&(%#7!"%&8#,)1=,)01,)00)
"'("#$%&'(,)45,)4=,)01,)-52)
"'(/&%&'()
+!%#(%#,)1.)
"'(/&%&'(*)"'::6(#*)/#)$#7A'7:!("#,)
->4)
"'((!&**!("#,).1)
"'((#M&'(,)-31)
"'(%!:&(!(%*,)--.)
"'(%#M%#,)2=)
"'(%7!&(%#,)45,)4.,)-35)
/#)*9"67&%9,)4.)
"'(%7!&(%#)/#)*9"67&%9,)-=1)
"'(%7!&7#)/#)*9"67&%9,)05)
"'(%7N+#,)-.,)2.,)22,)>5,)>4,)3=,)45,)4-,)4.,)
4=,)->5)
!97&#(,)13,)=>)
"'(/&%&'(*)/P#AA&"!"&%9,)34)
/#*)/!(;#7*,)-5=)
#()B'6"+#)'68#7%#,)3>)
J&97!7"J&<6#,)2.)
&(!/9<6!%,)31,)0>,)-=1)
&(;9(&#7&#,)32)
"'(%7N+#67,)33,)34,)30,)42,)4>,)43,)40,)-=5,)
-==,).51)
"''7/&(!%&'()/#)+P!"%&'(,)34)
"'6"J#)/#)/9A#(*#,)1.)
"'6$+!;#,)00,)->4)
"'6$+!;#)A'7%,)12)
O'67('%,).5)
OQR?S,)>3)
"7&*#,)-3>,)-30)
"6&87#,)--.)
"6+%67#)/#)A&!B&+&%9,)13,)14)
"6+%67#)/#)*9"67&%9,)0-)
"@B#7(9%&<6#,)=>,)2.)
$ 
/!(;#7,)-5.,)-==)
/!(;#7)*@*%T:#,)01)
/9A!&++!("#,)>>)
!"%&8#,)1.)
!+9!%'&7#,)10)
/9A!6%,)-==)
/9A!6%)/#)"'(%7N+#,)03)
/9A!6%)#()"'("#$%&'(,)42)
/9A#(*#,)1.)
#()$7'A'(/#67,)1.)
/9+!&)/#)/9;7!/!%&'(,)>.)
/9$#(/!("#)*#(*&%&8#)/#*)"'(/&%&'(*)
&(&%&!+#*,)->2)
/98&!%&'()/#)$#7A'7:!("#,)1-)
/&AA97#("&!%&'(,)-31)
/':&(',).4)
/'::!;#*,)-34)
U'::!*"J)EU!(&#+)V%%'G,)=3)
/7!;!;#,)-.3)
U67!*)ES!7;6#7&%#G,).5)
/@(!:&<6#)/#*)*@*%T:#*,)=>,)4.)
% 
9"!7%)/#)$7'"9/67#,)20)
9"'6+#:#(%*)&(/6*%7&#+*,)--3)
#AA#%)$!$&++'(,)->2)
&'()*(+,(,)=3,)2-)
#(<6W%#)!""&/#(%,).1,)05)
#(%7'$&#,)->3)
)&*+(,&-%&.#$/0(,.%1.+,&/2'%&13/ERX?G,)
--=)
#(8&7'((#:#(%,)25,)43,)-5=,)-3-)
9$!(/!;#)!;7&"'+#,)--3)
9<6&+&B7#,)->-)
#77#67,).1)
!"%&8#,)1.)
/#)"'("#$%&'(,)45)
+!%#(%#,).1)
'7;!(&*!%&'((#++#,)1-)
#77#67)J6:!&(#,)15)
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(
R**',)=2)
9%!%)
!""&/#(%#+,)22,)20)
/#)7#$'*,)>.)
*@*%9:&<6#)*Y7,)>1)
9%!%)!""&/#(%#+)
A'("%&'((#+,)>-)
$!7)+#*)$7'"#**6*,)>-)
*%76"%67#+,)>-)
98!+6!%&'()/#*)7&*<6#*,)..)
98T(#:#(%)
&(&%&!%#67,).4)
7!"&(#,).4)
#M"&%!B&+&%9,)->0)
#M$+'&%!%&'(,)4=)
- 
A!"%#67*)J6:!&()#%)'7;!(&*!%&'((#+,)-51)
A!"%#67*)J6:!&(*)#%)'7;!(&*!%&'((#+*,)15)
A!"%#67*)'7;!(&*!%&'((#+*,)-5-)
A!%!+&%9,)0)
A&!B&+&%9,)13,)=5,)32)
A+T"J#)/6)%#:$*,)->1,)-3-,)-32)
A'("%&'(,)2=,)22)
F'77#*%#7)EZ!@G,)=>,)>2)
FQ?S,)>3,)->4)
A7':!;#)*6&**#,).1)
F7':#(%&(,).5)
A6:9#*,)-.4)
. 
;#*%&'()/#*)7&*<6#*,)>4)
/ 
L!++)E?7%J67)U!8&/G,)=>)
J!*!7/,).5)
L?[VX,)-1>)
L#&(7&"J)EL#7B#7%)\&++&!:G,)--)
J&97!7"J&#,)>4)
ŚŝĠƌĂƌĐŚŝĞĚĞŶŝǀĞĂƵǆĚ͛ŽƌŐĂŶŝƐĂƚŝŽŶ͕ϱϲ)
ŚŝĠƌĂƌĐŚŝĞĚĞƐŶŝǀĞĂƵǆĚ͛ŽƌŐĂŶŝƐĂƚŝŽŶ͕ϱϭ)
L'++(!;#+)ER7&KG,).1,).0,)15,)>=,)>>,)->4)
LQV,)1>)
J@/7'"!7B67#*)!7':!%&<6#*)$'+@"@"+&<6#*,)
--.)
0 
&:$!"%)#(8&7'((#:#(%!+,)--4)
&:$97&#6M,)-34)
&("&/#(%,).-,)-31,)-30)
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